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1. Introduction

in 2017, the New Hampshire Department of Environmental Services (NHDES) requested
assistance from the United States Environmental Protection Agency’s Office of Research and
Development (EPA ORD) to conduct analyses of various samples for the potential existence of
per- and polyfluoroalkyl substances (PFAS) (Appendix A-1 and A-3). The type of samples
identified by NHDES for analysis included industrial coating formulations, air emissions,
groundwater, surface water, soil and leachate. Specifically, NHDES was interested in samples
taken near sites where there was the potential for air emissions associated with processes that
historically and currently use PFAS-containing raw materials. The release of PFAS compounds
into the environment from these sites has contaminated soil and water, including groundwater
used as drinking water for tens of thousands of people in the state.

Assistance from EPA ORD was requested in order to address several technical barriers that
included: 1) commercial laboratory analytical limitations for handling more complex sample
matrices; 2) unknown nature of the compounds because they are either proprietary,
manufacturing byproducts contained in raw materials, or degradation compounds; and 3) lack
of expertise and experience associated with advanced fluorochemistry and fate and transport
properties of this class of compounds. Specifically, EPA ORD has unique capabilities to conduct
“non-targeted” screening, whereby a search is conducted of a broader spectrum of PFAS that
may be present in a sample, including both known and unknown compounds; this type of
analysis is not available through a commercial laboratory.

NHDES has several objectives for this on-going partnership with EPA to evaluate PFAS in
samples collected from New Hampshire:

1) Understand the multimedia environmental distribution of fluorinated compounds
originating from PFAS emissions to air;

2) Differentiate sources of contamination when and where there is the potential for
multiple PFAS sources by identifying a signature distribution of compounds for different
sources of PFAS;

3) Assess if conditions warrant the installation of treatment systems for air emissions to
proactively prevent the contamination of the environment and drinking water with
newer alternative chemicals or precursor compounds;

4) Ensure any potential air pollution control equipment systems that may be required to
be installed are desighed to remove not only perfluorooctanoic acid (PFOA) and
perfluorooctane sulfonic acid (PFOS), but a broader array of PFAS compounds and
associated break-down products, some which could be precursors to the formation of
PFOA and PFOS. This information is critical for ensuring any air pollution control
equipment is properly designed for potential PFAS emissions and that remediation
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systems removing PFOA and PFOS do not unknowingly redistribute other PFAS
contaminants;

5) Ensure drinking water treatment systems and remediation systems being designed to
remove PFOA and PFOS are also able to remove other PFAS compounds and associated
break-down products, some which could be precursors to the formation of PFOA and
PFOS. This information is critical for ensuring drinking water is appropriately treated
and that remediation systems removing PFOA and PFOS do not unknowingly
redistribute other PFAS contaminants; and

6) Prioritize which contaminant(s} need a risk assessment based on what is actually being
measured in the environment, including drinking water.

in 2018, the EPA produced four reports that document the results of analyses conducted to
date as part of the ongoing partnership with NHDES. These reports are the first in what is
expected to be a series of reporting by the EPA on the results of New Hampshire sample
analyses. In many respects, the analytical work conducted by EPA ORD is at the forefront of the
emerging science of PFAS. NHDES is pleased to be working closely with EPA ORD on this
contamination issue that is of such vital concern to the citizens of New Hampshire.

The EPA data reports are intended to provide a simple representation and summary of the
analysis results. Therefore, the description of methods and quality assurance are brief and
high-level. Additional reports and/or publications are being developed that will include a more
detailed description of methods, quality assurance analyses, and statistical/geospatial
interpretation of the data. As study partners/collaborators, it is anticipated that NHDES and EPA
Region 1 scientists will assist in these additional reports and publications.

2. Project Overview

NHDES and EPA jointly developed two work plans for the sampling and analysis related to the
investigation into releases of PFAS compounds to the air from industrial facilities in NH. Those
plans are:

Work Plan #1: Southern New Hampshire Sample Collection Plan for Non-Targeted Per- and
Poly-fluorinated Compounds Analyses dated August 30, 2017. (Appendix A-2)

This plan guided the collection and analyses of samples from several different environmental
media including groundwater, surface water, and soil as well as industrial samples of raw
materials used in dispersions at two facilities and solid material (referred to as char) that
accumulates inside the air emission stacks.

Work Plan #2: Saint-Gobain Performance Plastics Air Sample Collection Plan for Non-Targeted
Per- and Polyfluoroalky! Substances Analysis dated April 18, 2018. (Appendix A-4)
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This plan guided the collection and analyses of samples from process feedstocks, pilot-scale air
pollution control equipment, and air emissions from three towers during a multiday stack
testing event in April and May 2018 at Saint-Gobain Performance Plastics (SGPP).

3. Sample Collection

3.1 Work Plan #1:

NHDES staff collected samples of groundwater, surface water, soil, raw materials used in
dispersions, and char in general accordance with Work Plan #1, as described in the sections
below. Samples were then submitted to EPA ORD for analysis. For logistical reasons, some of
the samples proposed in the Work Plan were not able to be collected {e.g., dust was not able to
be sampled due to lack of sufficient sample volume).

3.1.1 Groundwater

A total of 20 groundwater samples {including three duplicate samples) were collected and
submitted to EPA ORD (Figure 1, Table 1). Groundwater sources sampled for this study
included monitoring wells and private wells no longer used for drinking. Wells were selected
for inclusion in this study based on results of prior PFAS analyses so that a range of PFAS
concentrations could be evaluated, including highly contaminated monitoring wells close to the
facility, wells with PFOA concentrations between 0.05 and 0.10 ng/L, and wells with PFOA
concentrations exceeding 0.20 ng/L.

3.1.2 Surface Water

Surface water samples (including one duplicate sample) were collected from five different
locations and submitted to EPA ORD (Figure 1, Table 1). Samples were collected from the
Merrimack River (EPAORD 002 and EPAORD 003) and Dumpling Brook (EPAORD 001, EPAORD
003, and duplicate sample EPAORD 004). Discharge from the stormwater system that drains
the SGPP facility was sampled at the Outfall (EPAORD 006} during dry conditions when the
water discharging from the system is likely due to groundwater infiltration.

3.1.3 Soil

Three soil samples were collected from different depths at a single boring location near the
SGPP facility (Figure 1, Table 1). NHDES staff advanced the boring to a total depth of six feet
below the ground surface using a stainless steel hand auger. The three intervals sampled for
this study included the surface soil (EPAORDS1 or NHEPAORD-S1), an interval two to four feet
below ground (EPAORDS2 or NHEPAORD-S2)}, and the interval from four to six feet below
ground (EPAORDS3 or NHEPAORD-S3).
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3.1.4 Char Material from Tower Stacks

NHDES staff collected three samples of solid material (char) that coats the interior of the stacks
of the textile coating towers. The three towers were chosen because they have the potential to
represent three different operational situations (Figure 1, Table 1}):

1) The MA Tower has been in operation since 1994. The ductwork was replaced and the
oven and ancillary process components were cleaned in 2016. Therefore, the solid
material (Sample ID: MA Tower Char or NHCharMA) that was collected from this stack
will most likely represent “new” dispersions used since 2016.

2) The MS Tower has been in operation since 2002. The solid material {Sample ID: MS
Tower Char or NHCharMS) that was collected from this stack may potentially contain
residue components from pre-2006 PFOA-based dispersions AND “new” dispersions
that have been used since 2006.

3) The QX Tower has been in operation since 1989. According to historical stack testing
results, the OX Tower receives the highest load of emissions, and solid material {Sample
ID: QX Tower Char or NHCharQX) that was collected from this stack would likely be
associated with emissions that occurred while PFOA-based dispersions were in use and
emissions that occurred after the use of PFOA had been phased out.

3.1.5 Raw Materials used in Dispersions

NHDES staff collected a total of thirteen raw material samples (Sample IDs: 1 — 13) from the two
textile coating facilities. According to company representatives and records, these samples
represent all of the raw materials containing fluorinated compounds currently stored or in use
at the two facilities.

3.2 Work Plan #2:

in addition to and in conjunction with Work Plan #2, NHDES requested that SGPP conduct air
emission stack testing of three towers in order to collect the samples for analysis by EPA ORD.
The stack tests were conducted April 26 — May 2, 2018 by SGPP and their consultants while
NHDES personnel were present to observe the process operations, sampling, and stack testing
methodology and also to facilitate transmission of samples to EPA ORD. The stack tests were
conducted in accordance with the approved stack test plan submitted by SGPP and dated April
11, 2018. (Appendix A-5). Stack tests were conducted on the MA, MS and OX Towers. Samples
were taken from the QX Tower at the inlet and outlet of a pilot-scale control device to evaluate
its effectiveness at removal of PFAS compounds. Table 2 is a summary of all of the samples
submitted to EPA ORD collected as part of Work Plan #2.
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3.2.1 Air Emission Samples

During each of the stack tests, a total of three runs were completed. During each run, a sample
train comprised of seven segments was deployed. In total, 84 air emission samples were
collected. These samples were taken by stack testing personnel and sent directly to EPA ORD
for analysis. {(Sample IDs: 500 ~ 520, 600 — 620, 700 — 720, 800 — 820)

3.2.2 SUMMA Canister Samples

There were 18 SUMMA canister samples collected including two background samples, four
ambient samples and 12 stack test runs. These samples were collected by NHDES personnel and
sent directly to EPA ORD for analysis. {Sample IDs: 2 backgrounds, 709, 721, 176, A378, 321,
2045, 793, 005, 755, 751, 262, RK9, 068, 700, 744, 794)

3.2.3 Dip Tank Coatings

Eleven total samples of actual coating utilized during each stack test were taken by stack testing
personnel from the dip tank{s) for each tower and sent directly to EPA ORD for analysis.
{Sample IDs: 521, 522, 523, 621, 622, 623, 721, 722, 725, 726, 729)

3.2.4 Char Material from Tower Stacks

NHDES staff collected three samples of solid material {char) that coats the interior of the stacks
of the three textile coating towers that were stack tested. (Sample IDs: MA, MS OX)

3.2.5 Process Water from Pilot-Scale Air Pollution Control Equipment

Four samples of the process water that was used in the pilot scale air pollution control device
were sampled by stack testing personnel and sent directly to EPA ORD for analysis. (Sample IDs:
733,734,735, 736)

4 EPA ORD Reports

EPA ORD submitted four reports to NHDES in 2018 that convey results of analyses performed
on the various samples from New Hampshire (Table 1 and Table 2). These reports represent
the first in a series of data that will be presented to NHDES by EPA ORD; additional reports will
be provided as EPA ORD finishes their analyses. Each report is included in its entirety in
Appendices A-6 through A-9. The exhibit below summarizes the types of results provided in
each report.
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Exhibit 1

ORD Report #1 April 4, 2018 Char and Soil Targeted PFCAs

ORD Report #2 July 24, 2018 Char and Soil Non-Targeted PFAS

ORD Report #3 October 4, 2018 Groundwater and Targeted PFAS
Surface Water

ORD Report #4 October 4, 2018 Stack Emissions Non-Targeted PFAS

SUMMA Canister and Volatile Organic
Samples Only Hazardous Air
Poliutants

4.1 ORD Report #1

ORD Report #1 contains the results of targeted perfluorocarboxylate® (PFCA) concentrations for
the two types of solid-matrix samples analyzed at the EPA ORD laboratory located in Athens,
Georgia {(Appendix A-6). Three samples each of char and soil were analyzed for thirteen PFCAs
using liquid chromatography / mass spectrometry. Internal standards of each compound were
used to quantify the laboratory results in terms of micrograms per gram (ug/g or parts per
million (ppm)) for char and picograms per gram (pg/g or parts per trillion (ppt)) for soil. Key
results of the report include:

¢ Overall PFCA concentrations were greater in the char samples {reported in ppm)
compared to the soil samples (reported in ppt).

e Chain lengths of the PFCAs detected in char ranged from four carbons (C4) to 18 carbons
(C18); whereas, the longest chain PFCA detected in soil was C11.

e PFOA was the PFCA with the highest concentration in each of the six samples.

e PFCA concentrations generally decreased with depth in the three samples from the soil
boring.

4.2 ORD Report #2

ORD Report #2 contains the results of non-targeted PFAS concentrations for the two types of
solid-matrix samples analyzed at the EPA ORD laboratory located in Athens, Georgia (Appendix
A-7). The same samples of char and soil described in ORD Report #1 were analyzed for non-
targeted PFAS using liquid chromatography / mass spectrometry. Known standards are not
available for the analysis of the non-targeted compounds, therefore, there is more uncertainty
in terms of identification of the compounds and estimation of concentrations. The results
reported in units of pug/g for char and pg/g for soil, are considered to be estimated values. In
other words, the results are “semi-quantitative, likely within an order of magnitude of the
actual value” and have a greater level of uncertainty relative to results of analyses performed
with known standards. Key results of the report include:

1 perfluorocarboxylates are reported as perfluorocarboxylic acids.
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¢ Two types of PFAS were detected that have not been previously identified in
environmental samples and include a polyfluoroalkyl carboxylic acid series and a
polyfluorinated sulfonic acid (PFSA) series, each of which has a hydrogen atom
substituted for a fluorine atom. The hydrogenated PFCA and PFSA series are referred to
as HPFCA and HPFSA, respectively, in Report #2. Actual concentration values for HPFSA
were not presented because they occurred at lower concentrations relative to HPFCA.

¢ The number of carbon atoms in the HPFCAs detected in the samples ranged from C6 to
C20 and from C4 to C18 for the HPFSAs.

e Similar to PFCA results in Report #1, HPFCA concentrations were orders of magnitude
greater in the char samples (reported in ppm) compared to the soil samples (reported in
ppt).

e HPFSA concentrations were greater than HPFCA by a factor of 10 and 1.2 for C6 and C8§,
respectively in the char samples. For the other carbon chain lengths, HPFCA was
present at greater concentrations than HPFSA.

¢ The surface soil sample (EPACRDS1 or NHEPAORD-51) contained the greatest
concentrations of HPFCA compared to deeper soil samples.

4.3 ORD Report #3

ORD Report #3 contains the results of targeted PFAS concentrations for groundwater and
surface water samples analyzed at the EPA ORD laboratory located in Research Triangle Park,
North Carolina {(Appendix A-8). Twenty-five aqueous samples were analyzed for 11 PFAS using
liquid chromatography / mass spectrometry. Standards of each compound were used to
quantify the laboratory results in terms of nanograms per liter (ng/L). Key results of the report
include:

e PFOA was detected in 22 of 25 samples. In all samples where it was detected, PFOA had
the greatest concentration of all of the other PFAS detected.

e PFOS was not detected in any of the groundwater samples; however, it was detected in
four of the five surface water samples and the sample from the stormwater outfall.

¢ Perfluoro{2-methyl-3-oxahexanoic) acid, alsc known as GenX, a compound that is
associated with a newer generation of PFAS that replaced PFOA, was detected in one
groundwater sample from a domestic well (EPAORD 016) above the limit of
quantification (LOQ) at a concentration of 35.4 ng/L. To NHDES’ knowledge, this
represents the first detection of GenX in groundwater from a domestic well out of
hundreds of samples from other domestic wells that have been tested for this
compound by commercial laboratories. |n consultation with EPA ORD staff, it is
suggested that this sample be reanalyzed for conformational analysis of this unique
finding and rule out laboratory contamination.
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4.4 ORD Report #4

ORD Report #4 contains the results of non-targeted PFAS and volatile organic hazardous air
pollutants (HAPs) analyses for the gases collected in SUMMA canisters during the stack test in
April and May, 2018. Analyses were conducted at the EPA ORD laboratory located in Research
Triangle Park, North Carolina (Appendix A-9). Due to this being the first time SUMMA canister
sampling for PFAS compounds has been performed on stack emissions, the high resolution
chemical ionization mass spectrometry (CIMS) analyses for the non-targeted PFAS are limited to
tentative identifications, rather than quantification. The more conventional TO-15 analysis?
using unit mass resolution (low resolution) gas chromatography-mass spectrometry (GC-MS)
can be understood as a targeted analysis of gas phase volatile organic hazardous air pollutants
{HAPs). Key results of the report include:

e The CIMS-based non-targeted analysis tentatively identified twelve (12) PFAS
compounds in the SUMMA canisters.

¢ The GC-MS targeted selective ion monitoring (SIM) analysis of SUMMA canisters
identified 27, 42 and 38 non-PFAS compounds in the samples from the MS, MA and OX
towers, respectively.

e Upto 118 gas phase compounds were observed across all nine samples using the TO-15
(plus photochemical assessment monitoring station compounds) method.

e Across all nine SUMMA canisters representing non-controlled stack emissions, the
following compounds were observed in all canisters: propylene, propane,
chloromethane, isobutene, 1-butene, ethanol, acrolein, acetone, iso-pentane, isopropyl
alcohol, 1-pentene, isoprene, vinyl acetate, 2-butanone, 1-hexene, tetrahydrofuran, 2,4-
dimethylpentane, benzene, 4-methyl-2-pentanone, toluene, and dodecane.

2 T0-15is an EPA approved method for determination of volatile organic compounds (VOCs) in air collected in

specially prepared SUMMA canisters and analyzed by gas chromatography/mass spectrometry (GC/MS).
http://www.caslab.com/EPA-Methods/PDF/to-15r.pdf
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TABLE 1
Summary of Samples Submitted to EPA ORD
for Poly- and Perfluoroalkyl Substances {PFAS) Analyses

WORK PLAN #1
. . . - EPA ORD
Sample Material Sample Number Sample Collection Date Sample Location Description Report(s) Type of Analyses Reported
199712055MWGZ1 5/31/2018 Monitoring Well NR Pending
199712055MWGZ1 (duplicate) 5/31/2018 Monitoring Well NR Pending
199712055MWGZ2 5/31/2018 Monitoring Well NR Pending
199712055MWGZ3 5/31/2018 Monitoring Well NR Pending
EPAORD_007 8/30/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_008 8/25/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPACRD_009 8/24/2017 Private Well H3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_010 8/31/2017 Private Well H3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_011 8/24/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_012 8/25/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_013 {dup} 8/25/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
Groundwater EPAORD_014 8/31/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_015 8/29/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_016 8/31/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_017 8/31/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_018 8/25/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_018 8/30/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_020 8/30/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_021 (dup) 8/30/2017 Private Well H3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_022 9/8/2017 Private Well H3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_023 9/8/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_024 9/5/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_901 9/8/2017 Private Well #3 Targeted PFAS; non-Targeted PFAS results pending
EPAORD_001 8/28/2017 Dumpling Brook, Upstream #3 Targeted PFAS
EPAORD_002 8/28/2017 Merrimack River, Downstream #3 Targeted PFAS
Surface Water EPAORD_003 8/28/2017 Merrimack River, Upstream #3 Targeted PFAS
EPAORD_004 8/28/2017 Dumpling Brook, Downstream #3 Targeted PFAS
EPAORD_005 (duplicate) 8/28/2017 Dumpling Brook, Downstream #3 Targeted PFAS
EPAORD_006 8/28/2017 Stormwater Outfall #3 Targeted PFAS
EPAORDS1 9/1/2017 Soil Boring (0"} HL & #H2 Targeted PFCAs; Non-Targeted PFAS
Soil EPAORDS2 9/1/2017 Soil Boring (2-4') #1 & #2 Targeted PFCAs; Non-Targeted PFAS
EPAORDS3 9/1/2017 Soil Boring (4-6') #1 & #2 Targeted PFCAs; Non-Targeted PFAS
. MA Tower August, 2017 Interior of stack #1 & #2 Targeted PFCAs; Non-Targeted PFAS
Char Material from -
Tower Stacks MS Tower August, 2017 Interior of stack #1&#2 Targeted PFCAs; Non-Targeted PFAS
QX Tower August, 2017 Interior of stack #1 & #2 Targeted PFCAs; Non-Targeted PFAS
1 August, 2017 Directly from container shipped by supplier NR Pending
2 August, 2017 Directly from container shipped by supplier NR Pending
3 August, 2017 Directly from container shipped by supplier NR Pending
4 August, 2017 Directly from container shipped by supplier NR Pending
5 August, 2017 Directly from container shipped by supplier NR Pending
Raw Materials Used [ August, 2017 D?rectly from container shipped by supplier NR Pending
in Dispersions 7 August, 2017 D{rectly from conta{ner sh{pped by suppl{er NR Pend{ng
8 August, 2017 Directly from container shipped by supplier NR Pending
] August, 2017 Directly from container shipped by supplier NR Pending
10 August, 2017 Directly from container shipped by supplier NR Pending
11 August, 2017 Directly from container shipped by supplier NR Pending
12 August, 2017 Directly from container shipped by supplier NR Pending
13 August, 2017 Directly from container shipped by supplier NR Pending
Acronyms
PFCA Perfluorocarboxylates are reported as perfluorocarboxylic acids.
PFAS Per- and Polyfluoroalkyl substances
NR Not Reported

ED_006086_00110264-00013



TABLE 2

Summary of Samples Submitted to EPA ORD
for Poly- and Perfluoroalkyl Substances {PFAS) Analyses

WORK PLAN #2
i : . . EPA ORD
Sample Material Sample Number Sample Collection Date Sample Location Description Report(s) Type of Analyses Reported
500-520 April 26 & 27, 2018 MA Tower NR Pending
Aijr Emission 600-620 April 26 & 27, 2018 MS Tower NR Pending
Samples 700-720 April 30 & May 1, 2018 QX Tower Inlet to Pilot-scale Control Device NR Pending
800-820 April 30 & May 1, 2018 QX Tower Outlet of Pilot-scale Control Device NR Pending
Background 1 System Blank #4 Non-Targeted PFAS; Volatile Organic HAPs
RK9 5/1/2018 Ambient {inside facility) #4 Non-Targeted PFAS; Volatile Organic HAPs
005 5/1/2018 Ambient (lower roof} #4 Non-Targeted PFAS; Volatile Organic HAPs
794 4/27/2018 Ambient (upper roof) H4 Non-Targeted PFAS; Volatile Organic HAPs
709 4/30/2018 Ambient (Field Blank) H4 Non-Targeted PFAS; Volatile Organic HAPs
755 4/26/2018 MA Tower #4 Non-Targeted PFAS; Volatile Organic HAPs
751 4/27/2018 MA Tower #4 Non-Targeted PFAS; Volatile Organic HAPs
262 472712018 MA Tower #4 Non-Targeted PFAS; Volatile Organic HAPs
SUMMA Canister 068 472612018 MS Tower #4 Non-Targeted PFAS; Volatile Organic HAPs
Samples 700 4/27/2018 MS Tower #4 Non-Targeted PFAS; Volatile Organic HAPs
744 472712018 MS Tower #4 Non-Targeted PFAS; Volatile Organic HAPs
721 4/30/2018 QX Tower (inlet to Pilot-scale Control Device) #4 Non-Targeted PFAS; Volatile Organic HAPs
176 5/1/2018 QX Tower (inlet to Pilot-scale Control Device) #4 Non-Targeted PFAS; Volatile Organic HAPs
A378 5/1/2018 QX Tower (inlet to Pilot-scale Control Device) #4 Non-Targeted PFAS; Volatile Organic HAPs
321 4/30/2018 QX Tower (outlet to Pilot-scale Control Device) #4 Non-Targeted PFAS; Volatile Organic HAPs
2045 5/1/2018 QX Tower (outlet to Pilot-scale Control Device) #4 Non-Targeted PFAS; Volatile Organic HAPs
793 5/1/2018 QX Tower (outlet to Pilot-scale Control Device) #4 Non-Targeted PFAS; Volatile Organic HAPs
Background 2 Systermn Blank H4 Non-Targeted PFAS; Volatile Organic HAPs
521 4/26/2018 MA Tower NR Pending
522 4/27/2018 MA Tower NR Pending
523 4/27/2018 MA Tower NR Pending
621 472612018 MS Tower NR Pending
622 472712018 MS Tower NR Pending
Dip Tank Coatings 623 4/27/2018 MS Tower NR Pending
721 4/30/2018 QX Tower Dip Pan 1 NR Pending
722 4/30/2018 QX Tower Dip Pan 2-5 NR Pending
725 5/1/2018 QX Tower Dip Pan 1 NR Pending
726 5/1/2018 QX Tower Dip Pan 2-5 NR Pending
729 5/1/2018 QX Tower Dip Pan 1 NR Pending
Char Material from Mé Tower 5/2/2018 Inter?or of stack NR Pending
Tower Stacks MS$ Tower 5/2/2018 Interior of stack NR Pending
OX Tower 5/2/2018 Interior of stack NR Pending
733 5/1/2018 Supply Water NR Pending
Process Water from 734 4/30/2018 Sump Water NR Pending
Pilot-Scale APCE 735 5/1/2018 Sump Water NR Pending
736 5/1/2018 Sump Water NR Pending
Acronyms

PFCA
PFAS
NR
HAPs

Perfluorocarboxylates are reported as perfluorocarboxylic acids.

Per- and Polyfluoroalkyl substances
Not Reported
Hazardous Air Pollutants
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Appendix A-1
NHDES Letter — New Hampshire Department of Environmental Services

Request for Assistance Assessing Poly- and Perfluoroalkyl Substances
June 22, 2017
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o The State of New Hampshire
NHDES Department of Environmental Services

Clark B, Freise, Assistant Conunissioner

lune 22, 2017

Jennifer Orme-Zavaleta, PhD

Director, National Exposure Research Laboratory
USEPA Office of Research and Development

109 TW Alexander Dr MC 305-01

RTP, NC 27711

Subject: New Hampshire Department of Environmental Services Request for Assistance Assessing
Poly- and Perfluorcaltkyl Substances

Dear Dr. Orme-Zavaleta:

The New Hampshire Department of Environmental Services (NHDES) is reguesting assistance for
completing analyses of long and short-chain poly and perfluoroalkyl substances {PFAS} in industrial
chemicals, groundwater, surface water, soil, sludge, air, process residuals and potentially food crops
surrounding two sites where air emissions associated with processes that historically used PFAS-
containing raw materials . These sites have historically released PFAS into the environment and have
contaminated soil and water, including groundwater used as drinking water for tens of thousands of
people in the state. NHDES is also concerned that ongoing air emissions of certain PFAS may be
occurring with minimal air pollution controls being applied.

NHDES is currently using commercial laboratories to complete analyses that report results of 14 to 23
traditional PFAS compounds. NHDES has attempted to coordinate with a laboratory to analyze for a
PFAS compound variant that was reported to have replaced PFOA at a facility that has ongoing air
emissions containing PFAS. Despite analyzing over 1,000 samples from private and public drinking
water wells in an area where groundwater has been contaminated with PFOA, this replacement
compound has vet to be detected in water near this site. However, the replacement compound was
detected in stack samples at the site.

Assistance from the United States Environmental Protection Agency (USEPA) is needed to test for
environmental contaminants that are potentially being released to the air and impacting the
environment. USEPA’s assistance is needed to overcome technical barriers for completing this work to
date including: 1) commercial laboratory analytical limitations for handling more complex sample
matrices; 2} unknown nature of the compounds because they are proprietary, manufacturing
byproducts or degradation compounds contained in raw materials; and 2} lack of expertise and
experience associated with advanced fluorochemistry and fate and transport properties. USEPA could
assist by analyzing samples using high resolution mass spectrometry with a comprehensive assessment
of the spectral data using library searches.

www.des.nhgov
25 Hazen Drive » PO Box 85 « Concord, NH Q330204045
(BO3T271-350% » Foon 271-2867 » TOD Acvess: Relay NH 1-BO0D-735%-2964
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lennifer Orme-Zavaleta, PhD

USEPA Office of Research and Development
June 22, 2017
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NHDES will utilize this information to: 1) understand the multimedia environmental distribution of
fluorinated compounds generated when emitting PFAS to the air; 2) ensure drinking water treatment
systems and remediation systems being designed to remove PFOA and PFOS are able to also consider
employing treatment that can remove other PFAS compounds and associated degradates, some which
could be precursors to the formation of PFOA and PFOS. Granular activated carbon is the standard
treatment technology for PFOA and PFOS, but is not as effective in removing some of the shorter chain
PFAS compounds or precursors to PFOS and PFOA. This information is critical for ensuring drinking
water is appropriately treated and that remediation systems removing PFOA and PFOS do not
unknowingly redistribute other PFAS contaminants; 3) differentiate sources of contamination when
and where there is the potential for multiple sources of contamination by identifying a signature of
distribution of compounds for different sources of PFAS; 4) assess if conditions warrant the installation
of treatment systems for air emissions to proactively prevent the contamination of the environment
and drinking water with the newer alternative chemicals or precursor compounds; 5} prioritize what
contaminant(s) need a risk assessment based on what is actually being measured in the environment,

including drinking water.

We greatly appreciate your assistance on this matter. We look forward to our continued partnership in
successfully addressing these emerging drinking water contaminants. Please do not hesitate {o contact
me {Clark Freise@des. nhagy, (603)271-8806) or Brandon Kernen {(BrandonKerneni@des.nh gov,
{603)271-0660) should you have any guestions.

{ zise
Assistant Commissioner
cc:  Meghan Cassidy, USEPA Region 1
Andy Lindstrom, USEPA CRD
Michae| Wimsatt, NHDES
Eugene Forbes, NHDES
Brandon Kernen, NHDES
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Appendix A-2
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Non-Targeted Per- and Poly-fluorinated Compounds Analyses
August 30, 2017
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Southern New Hampshire Sample Collection Plan for Non-Targeted Poly- and

Perfluoroalkyl Substances (PFAS) Analyses
August 30, 2017

1.0  Objective

The objective of this sampling program is to identify the occurrence of the full spectrum of poly- and
perfluoroalkyl substances (PFAS) in process feedstocks, product residuals, alr emissions, surface water,
groundwater and soil near two textile manufacturing facilities in southern New Hampshire, The
identification of PFAS compounds wiil be completed by using a high resolution mass spectrometer at the
United States Environmental Protection Agency’s Office of Research and Development’s lab at Research
Triangle Park in Durham, NC. The information is needed to identify the specific PFAS compounds and
their byproducts associated with air emissions that are being detected in the environment, NHDES will
use this information to identify other target PFAS compounds in an effort to expand commercial labs

analyte lists.
2.0 Approach to Work

The approach to completing the work is described in Tasks 1-8, below. The sampling locations
associated with each task are shown in figure attached as a file named “Figure.”

Task 1 - Sample PFAS-Based Dispersion Products at Textile Coating Facilities

Samples of raw dispersion products consisting of PFAS compounds will be collected at two textile
coating facilities. Products will be sampled at the Saint-Gobain Performance Plastics {(3GPPL) facility in
Merrimack, NH and the Textile Coating International {TCl) facility in Manchester, NH. These thirteen
dispersions represent all the raw dispersions currently in use at the two facilities.

Task 2 — Sample Char/Carbon Material Taken from Air Emission Towers at SGPPL

Three samples of solid materials that accumulate on the interior of the towers will be collected and are
summarized as follows:

e One sample from the MA Tower which has been in operation at SGPPL since 1994. The ductwork
was replaced and the oven and anciilary process components were cleaned in 2016, Therefore,
the solid material that will be collected from this stack will most likely represent new dispersions

used since 2016.

e (One sample from the MS Tower which has been in operation at SGPPL since 2002. The solid
material that will be coliected from this stack may potentially contain residue components from
pre-2006 PFOA based dispersions AND new dispersions that have been used since 2006.

e (ne sample from the QX Tower which has been in operation at SGPPL since 1989, This tower has

the highest PFOA partition factor based on previous stack test resuits and therefore potentially
Page Lof3
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receives the highest load of emissions. The solid material that will be collected from this stack
may potentially contain residue components from pre-2006 PFOA based dispersions AND new
dispersions that have been used since 2006,

Summaries of analytical data associated with the dispersion materials and char material are included in
the file named “Task 2 Attachments.”?

Task 3 — Sample Highly Contaminated Groundwater and Soil Immediately Downgradient of the SGPPL
Facility

A water sample will be collected from a shallow groundwater monitoring well immediately adjacent to
and downgradient of the SGPPL property. A soil boring will be advanced 6-8 feet deep and
approximately four soil profile samples will be collected.

Summaries of analytical data associated with groundwater and soil sampling at the SGPPL facility are
included in the file named “Task 3 Attachments.”

Task 4 - Surface Water Sampling

One water sample will be collected from the stormwater outfall that discharges stormwater from the
S5GPPL facility to the Merrimack River. Two samples of surface water will be collected from the
Merrimack River up gradient and downgradient of the facility. Two water samples will be collected from
Dumpling Brook which flows into the Merrimack River near the SGPPL property.

A summary of analytical data associated with the storm water outfall associated with the SGPPL facility
is inciuded in the file named “Task 4 Attachments.” Water quality data for the Merrimack River and
Dumpling Brook have not been collected to date.

Task 5 — Groundwater Sampling — Wells with Groundwater Exceeding 200 Parts-Per-Trillion PFOA

Groundwater samples will be collected from four private wells near SGPPL that exceed 200 Parts-Per
Trillion {ppt) for PFOA.

A summary of analytical data for all of the potential private wells that meet this criterion is included in
the file named “Task 5 Attachments.”

Task 6 - Groundwater Sampling — Wells with PFOA Concentrations between 50 and 100 ppt PFOA

Groundwater samples will be coliected from four private wells located within three miles of the SGPPL

facility that exhibit PFOA concentrations between 50-100 ppt.
A summary of analytical data for all of the potential private wells that meet this criterion is included in

the file named “Task 6 Attachments.”

Y The sample numbering in the Task 2 Attachments do not necessarily correspond to the sample numbering used in this

gxercise,
Page 2 0of3
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Task 7 — Groundwater Sampling — Wells With Elevated PFOA and PFOS Concentrations and Located
Near Additional Sources of PFAS Contamination

Groundwater samples will be collected from six private wells that exhibit a combined concentration of
PFOA and PFOS above 70 ppt and are located in areas that are: 1) Likely impacted by PFAS releases to air
associated with SGPPL; and 2) Alleged to be potentially impacted by additional potential sources of
PFAS,

A summary of analytical data for all of the potential private wells that meet this criterion is included in
the file named “Task 7 Attachments.”

Task & ~ Groundwater Sampling - Merrimack Yillage District Wells 4 and 5
A groundwater sample will be collected from both Merrimack Villaga District {MVD) Well 4 and MVD

Well 5.

A summary of analytical data for MVD 4 and MVD 5 is included in the file named “Task 8 Attachments.”

The following types and quantities of samples will be collected for each project task.

Surface . Char Material from | Raw Dispersions
Groundwater Soil
Water Tower Stacks
Task 1 13
Task 2 3
Task 3 1 4
Task 4 5
Task s 4
Task & 4
Task 7 6
Task 8 2
Task 9
Total 17 5 4 3 i3
Total Number of Samples>>> 42

3.0 Sampling Procedures and Quality Assurance Project Plan

NHDES’ Quality Assurance Project Plan (QAPP) is included as an attached file. The procedures for
sampling for PFAS in the QAPP begin on document page 246. Additional information describing the soil
sample collection methodology is included in an attached file.

4.0 Schedule

The sample collection for Tasks 1-8 described in this work plan shall be completed from August 28, 2017
— September 22, 2017. Sampling for tasks 1-8 will occur concurrently.

Page3of3
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The State of New Hampshire
ng Department of Environmental Services

Clark B, Freise, Assigtant Commissioner

October 27, 2017

Timothy H. Watkins

Acting Director, National Exposure Research Laboratory
USEPA Office of Research and Development

109 TW Alexander Dr MC 305-01

RTP,KC 27711

Subject: New Hampshire Department of Environmental Services Request for Additional Assistance
Assessing Poly- and Perfluoroalkyl Substances

Dear Mr. Watkins:

The New Hampshire Department of Environmental Services (NHDES) is requesting additional assistance
for completing analyses of long and short-chain poly and perfluoroalkyl substances {PFAS) in industrial
coating formulations and air emissions taken directly from the stacks located at a site where processes
are currently utilizing PFAS-containing raw materials. This site has historically released PFAS into the
environment and has contaminated soill and water, including groundwater used as drinking water for
tens of thousands of people in the state. NHDES is concerned that ongoing air emissions of certain
PFAS may be occurring in the absence of air poliution controls.

NHDES is currently using commercial laboratories to complete analyses that report results of 14 10 23
traditional PFAS compounds. NHDES has attempled to coordinate with a laboratory to analyze for a
shorter chain PFAS compound variant that was reported to have replaced PFOA at the above reference
facility. Despite analyzing over 1,000 samples from private and public drinking water wells in an area
where groundwater has been contaminated with PFOA, this replacement compound has yet to be
detected in water near this site. However, the replacement compound was detected in previous stack
samples at the site and has been detected associated with other sites elsewhere in the country.

Assistance from the United States Environmental Protection Agency [USEPA) is needed to test for
environmental contaminants that are potentially being released to the air and impacting the
environment. USEPA's assistance is needed to overcome technical barriers for completing this work to
date including: 1) commercial laboratory analytical limitations for handling more complex sample
matrices; 2} unknown nature of the compounds because they are proprietary, manufacturing
byproducts or degradation compounds contained in raw materials; and 3} lack of expertise and
experience associated with advanced fluorochemistry and its fate and transport properties. USEPA
could assist by analyzing samples using high resolution mass spectrometry with a comprehensive
assessment of the spectral data using library searches,

www.desanhgoy
2% Hazen Drive « PO Hox 85 » Doncord, NH 03302-00495
(G031 271-3508 « Fax: 2712867 » TDD Acoess: Belay N L-BO0-735-3964
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Timothy H, Watkins

USEPA Office of Research and Development
Qctober 27, 2017
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NHDES will utilize this information to:

{1} Understand the current emissions of fluorinated compounds generated when utilizing current
chemical formulations;

{2) Assess if conditions warrant the installation of treatment systems for air emissions to
proactively prevent the contamination of the environment and drinking water with the newer
alternative chemicals or precursor compounds;

{3} Ensure any potential air pollution control equipment systems that may be required to be
installed are designed to remove not only PFOA and PFOS compounds but also any other PFAS
compounds and associated degradates, some which could be precursors to the formation of
PFOA and PFOS. This information is critical for ensuring any air pollution control equipment is
properly designed for potential PFAS emissions and that remediation systems removing PFOA
and PFOS do not unknowingly redistribute other PFAS contaminants;

{4} Differentiate sources of contamination when and where there is the potential for multiple
sources of contamination by identifying a signature of distribution of compounds for different
sources of PFAS; and

{5) Prioritize what contaminant(s} need a risk assessment based on what is actually being
measured in the environment via the air emission pathway.

We greatly appreciate your assistance on this matter. We look forward to our continued partnership in
successiully addressing these emerging drinking water contaminants. Please do not hesitate to contact
me {Clark.Freiss@des.nh.zoy, (603)271-8806) or Catherine Beahm (Catherine Beahm@des nh.soy,
{603} 271-2822} should you have any guestions.

Assistant Commissioner

cc:  Meghan Cassidy, USEPA Region 1

Andy Lindstrom, USEPA ORD

Michael Wimsatt, NHDES

Lea Anne Atwell, NHDES

Eugene Forbes, NHDES

Brandon Kernen, NHDES

Michael Fitzgerald, NHDES

Cathy Beahm, NHDES
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Saint-Gobain Performance Plastics Air Sample Collection Plan for Non-Targeted Per-

and Polyfluoroalkyl Substances Analyses
April 18, 2018

1.0 Objective

The objectives of this sampling program are to identify the full spectrum of per- and polyfluoroalky!
substances {PFAS) in air emissions, process feedstocks, and process residuals from Saint-Gobain
Performance Plastics (SGPPL) in Merrimack, New Hampshire and to assess the performance of a
candidate pilot-scale air pollution control system. The identification and possible quantification of PFAS
compounds will be conducted using multiple GC/LC/mass spectrometric techniques {e.g. low and high
resolution time of flight preceded by gas chromatography separation and tandem mass spec preceded
by liquid chromatography separation). These analyses will be conducted at the United States
Environmental Protection Agency’s Office of Research and Development (ORD) laboratories located at
Research Triangle Park, North Carolina and Athens, Georgia.

The results of the program will be used to identify the specific PFAS compounds and related byproducts
associated with air emissions and compounds that are being detected in the environment. NHDES will

utilize this information to:

(1} Document emissions of fluorinated compounds utilizing current chemical formulations;

(2) Determine whether conditions warrant the installation of air pollution controls to prevent the
environmental impact with the next generation of raw materials;

(3} Ensure that a pilot scale air pollution control system is designed to effectively control PFAS and
associated analogues, some of which are known precursors to the formation of PFOA and PFOS.

{4) Develop “source type signatures” to differentiate multiple sources of contamination; and

{5) Develop risk based prioritization procedures for evaluating air emissions {both deposition and
inhalation pathways) for contaminant(s} measured in the environment.

2.0  Approach to Work

The approach to completing the work is described in Tasks 1-4, below. The sampling locations
associated with each task are shown in the Figures 3 — 5 of the attached SGPPL Stack Test Plan dated

April 11, 2018,

Page 10of 5
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Task 1 - Air Emission Samples

SGPPL has contracted with Barr Engineering to conduct the stack testing that will collect the air emission
samples. Barr Engineering will be using 5G5S Laboratories to prepare field reagents and perform
analytical work for SGPPL. NHDES staff will be on site during the stack testing to observe the entire test
program and SGPPL has agreed to collect additional samples’ for submittal to ORD for non-routine

analyses.

The combined program will involve the testing of one cast film and two fabric coating towers as listed
below:
s MA Tower — Emission samples from this fabric coating tower will be collected at the uncontrolled
exhaust prior to the dilution fan/exhaust stack.
e MS Tower — Emission samples from this fabric coating tower will be collected at the uncontrolied
exhaust prior to the dilution fan/exhaust stack.
# (X Tower — Emission samples from this cast film tower will be equipped with a pilot-scale wet
cyclone/fiberbed mist collection system {APCE}. Emission samples will be collected
simultaneously at the inlet and cutlet locations of the APCE.

A modified method 5 (MM5) train will be used to collect PFAS compounds with nominal boiling points
greater than 100°C. For the purpose of collecting samples for ORD, three 2-hour test runs” will be
conducted for each tower location for a total of 12 sample sets. in addition, reagent blanks will be
coliected for each MMS fraction and a field biased blank sampling train will be set up and recovered to
assess any field contarnination issues.

Each MMS5 sample train consists of a nozzle, heated probe, heated glass fiber filter, XAD-2/Condenser
Module, three Greenberg-Smith impingers [one containing 100 mL DI water, one containing 100 mL
0.1N sodium hydroxide [NaQH]}, and one containing 0.01N sodium boratel, a second unheated filter
followed by an indicating silica gel impinger for water vapor removal. Since each {rain has 6 fractions
plus a methanol {MeOH) rinse fraction, there will be a total of 7 fractions per sampling train for a total of
98 samples to be analyzed separately.

Summa Canisters will be used to coliect volatile compounds with boiling points less than 100°C. Canister
samples will be collected during each of the 2-hour test runs summarized above. Sampling will be
conducted in accordance with the methodology specified in EPA’s Compendium of Methods for the
Determination of Toxic Organic Compound — TO14A and TO15. Canister orifices will be adjusted to

1 Ssince the tower ductwork is anticipated to be less than 24 inches in diameter, concurrent sampling following standard
EPA methodology is prohibitive. Therefore, a total of 6 test runs will be conducted for each tower sample location with
every other test run sent te ORD and the remaining sent to the commercial lab {SGS Laboratory).

? Testruns will be two hours in duration unless labs state that longer timeframes are reguired for lower detection limits.

Page20f5
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collect integrated samples during the specified 2-hour test period. NHDES will conduct the sampling
according to EPA’s Miscellaneous Operating Procedure (MOP) that will be provided as part of the
Summa Canister shipment. A total of 12 samples, 1 field blank and 3 ambient locations (TBD) will be

collected.

The industry standard when conducting stack testing using sampling trains involving resins is for the test
company to send the glass resin traps and giass fiber filters to the lab conducting the sample analyses.
The lab cleans the glass traps according to their QC protocol, prepares and QCs the resin batch {in this
case XAD-2), packs the resin traps, spikes the traps with surrogates to assess recovery and ships the
sampling media to the field for the sampling team to use. Similarly, the laboratory may QC the filter
media/reagents and/or pre-clean the filters and provide these reagents to the sampling team. Thisis
important because the sampling company must choose glass traps that are compatible with their
sampling equipment. Also, on past tests for PFAS, the lab provided the other reagents that were QC'd as
is the case with the XAD. This included the Di water, 0.1N NaOH, MeCH, 0.01N scdium borate, pre-
cleaned glass fiber filters and sample recovery bottles.

in this case, there are two labs conducting the post-testing analyses: ORD and 5GS Laboratories.
Therefore, it is imperative that coordination of the pre-test preparation work be facilitated in a way that
all parties are aware of the details and schedule, Barr Engineering will provide XAD glassware to 5G5S
Laboratories for cleaning, packing resin, and spiking and $GS will provide the reagents for samples that
are QC'd. The field teamn will collect reagent blanks in the field and assemble and recover a field-biased
blank train to account for any handling bias during one of the test runs,

ORD will provide a surrogate mixture to SG5 and SGS will add this surrogate mixture as a field spike to
the resin traps designated for the ORD sample sets. These traps will be spiked with the labeled
compounds listed below:

Compound Abbreviation
Perfluoro-n-[3,4,5-13C3Ipentanoic acid MIAPEPeA
Perfluoro-n-[1,2-13C2 decanoic acid MPFDA
Perfluoro-n-[1,2,3,4-13C4]octanoic acid MPFOA
Sodium perfluoro-1-{1,2,3,4-13C4]octanesulfonate MPFOS
2-Perfluorohexyl-[1,2-13C2]-ethanol  {6:2) M2ZFHET

2,3,3,3-Tetrafluoro-2-{1,1,2,2,3,3,3-heptafluoropropoxy}-13C3-
propancic acid

M3HFPO-DA

Page 3 0f 5
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Task 2 - Sample PFAS-Based Raw Materials

Samples of raw materials thought to contain PFAS compounds were collected at this facility as part of
the initial ORD sampling project inthe fall of 2017, Based on process information submitted by SGPPL
to NHDES, the raw materials that are planned {0 be used at the time of the stack testing are the same as
those already sent to ORD. The actual coating formulations used at the time of the stack test will be
collected from each dip pan{s) on each tower during each test run and sent to ORD for analysis. Ata
minimum, 1 sample from the dip pan from the MA and MS Towers for each of the stack test runs will be
collected, for a total of 6 samples from these two towers. At a minimum, 1 sample from each dip pan
from the QX Tower for each of the stack test runs will be collected. Since the QX Tower will be operated
using four passes, there will be 4 samples for each stack test of the QX Tower for a total of 12 samples.
in total, ORD will receive 18 dip pan samples.

Task 3 — Sample Char/Carbon Material Taken from Air Emission Towers

Three samples of solid materials that accumulate on the interior of the towers were collected as part of
the initial ORD sampling project in the fall of 2017. Three additional samples of this material will be
collected during the stack testing program and are summarized as follows:

» (One sample from the MA Tower which has been in operation at SGPPL since 1994. The ductwork
was replaced and the gven and ancillary process components were cleaned in 2016, Therefore,
the solid material that will be collected from this stack will most likely represent new dispersions
used since 2016,

e  One sample from the MS Tower which has been in operation at SGPPL since 2002. The solid
material that will be collected from this stack may potentially contain residue components from
pre-2006 PFOA based dispersions AND new dispersions that have been used since 2006.

e One sample from the OX Tower which has been in operation at SGPPL since 1989. This tower has
the highest PFOA partition factor based on previous stack test results and therefore receives the
highest load of emissions. The solid material coating the interior of the tower would likely be
associated with emissions that occurred while PFOA-based dispersions were in use and emissions
that occurred after the use of PFOA had been phased out.

Task 4 — Sampling of the Pilot-Scale Air Pollution Control Equipment (APCE)

SGPPL s planning on conducting a pilot-scale evaluation of a candidate air pollution control technology
on the OX Tower in addition to collecting samples for ORD. Inlet and outlet samples will be collected as
described under Task 1 above.
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The candidate APCE is a wet cyclone/fiberbed mist collection system. Gas enters the unit and passes
through a wet cyclone where larger particles are removed. The materis! that is removed falls into the
cyclone sump and the water in the sump is recirculated through the cyclone. In a full scale system, the
sump has a makeup water feed and a slow solids removal cycle for higher solids applications. In the case
of water scluble PFAS, the situation exists where the PFAS concentrations in the water could exceed the
solubility of the sump liguid if the makeup water input is not sufficient.

The filter system is a spun fiber type {depth filter type) and would not normally have a pulse system to
clean the surface of collected particulate. Any particulate that is not embedded in the filter structure
drops to the hopper and the fine particles enter the depths of the filter. At some point, the filter plugs
and must be changed.

in conjunction with the APCE evaluation and in addition to the air samples, NHDES will collect samples of
the make-up water {from plant water source — 1 sample), sump water {for each of the three APCE test
runs on QX Tower — 3 samples) and any solid matter that can be removed from the internals of the unit
after the test is done and the unit is taken offline {e.g. sump solids, particulate filter material -2

samples).

The following types and quantities of samples will be collected for each project task:

Alir Emission Summa Canister Dip Tank Char Material pm@gs? Water
Samples samples Coatings from Tower and Solids from
P P 5 Stacks APCE
Task 1 98 16
Task 2 18
Task 3 3
Task 4 6
Total 98 16 18 3 6
Total Number of Analytical Fractions 141

3.0 Sampling Procedures and Quality Assurance Project Plan

NHDES' Quality Assurance Project Plan (QAPP) was included in the initial ORD request package. The
procedures for sampling for PFAS in the QAPP begin on document page 246,

4.0 Schedule

The sample collection described in this work plan shall be conducted late April and early May, 2018.
Sampling for Tasks 1-4 will occur concurrently.
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Stack Test Plan Saint Gobain Performance Plastics Corporation
Merrimack, New Hampshire
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STACK TEST PLAN

SAINT GOBAIN PERFORMANCE PLASTICS CORPORATION

Date 1e5t plan

createdfrevised/finalized:

Scheduled test date(s):

MERRIMACK, NEW HAMPSHIRE

March i, 2018/ April 2, 20187 April 11, 2018

April 26-27 and April 30-May 2, 2018

PART L GENERAL INFORMATION

Mame and
address of
emission
facility:

Adr Emssion
Pacility ID
Number:

Facility Contact;

Reason for the
1est:

Saint Gobain Performance Plastics Corporation
701 Daniel Webster Highway
Merrimack, NH 03054

3301100163

Ed Canming  {518) 345-2122
Director, Health, Safety & Environmens

There are several objectives being undertaken in this stack test mobilization:

The first objectives are in response to the State of New Hampshire Department of
Environmental Services (NHDES) request in a letter dated October 27, 2017 and
subsequent meetings and conversations held since that time

1.

sl

Conduct Modified EPA Method 5 (MMS) stack emission testing on the MA
and MS Coating Towers and the QX Cast Film exhausts,

Dip pan samples of formulated dispersions will be taken during each stack
tesl run.

Determine UCMR 3 List | PFAS compounds and GenX stack emissions
from the MA and MS Coating Towers and the QX Cast Film exhaust and
dispersion samples with analytical services provided by SGS Accutest.

Measure NHDES regulated toxic air pollutants (RTAPs) ammonia and total
fluorides as fluorine stack emissions from the MA Coating Tower exhagst.
Samples 10 be submitted to Element One, Inc.

Additional objectives are included under the direction of Saint Gobain Performance

Plastics
5.

Conduct additional MMS3 sample collection at the cutlet of a coalescing
fiberbed filtration control device to be installed on the QX Cast Filmon a
pilot basis for this test mobilization. This objective will be performed in
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coneert with objective | above, in that the inlet and outlet of the control
device will be tested simultaneously and the inlet measurement will
represent uncontrolled emissions.

6. A sample of the incoming water supply to the control device will be taken at
the beginning of the test. Control device water sump samples will be taken
during each stack test run, These samples will be submitted 1w 5G8&
Accutest.

7. Determine UCMR 3 List 1 PFAS compounds and GenX stack emissions
from the MA and MS Coating Towers and the X Cast Film exhaust
samples with analytical services provided by SGS Accutest.

Al tests will be conducted under representative operating conditions with product
and product couatings to be determined prior to the test mobilization, The selected
products and coatings will be submitted to NHDES under separate, confidential
cover as Confidential Business Information {CBI).

The MA and MS tower processes are fabric coating applications involving a
preparation of aguecus fluoropolymer dispersion coating, coating application to a
glass cloth web in a dip pan, and finally heat reating in three stages—dry zone,
bake zone and fuse zone. The products being manufactured require multiple coating
and hest treating applications. The tests are usually conducted during the first
coating pass, as the first pass is the heaviest application of coating. The formulated
coating, consisting of aquecus fAuoropolymer dispersion surfactans and other
processing aids, is sampled at the drip pan doring the tests. Hot gases captured from
the three stages of heating are exhausted through the tower stack,

X cast film production involves a multi-coat process where formulated dispersion
is coated in & dip pan on a web al room temperature, and then passed through a
vertical oven or tower, similar to the glass cloth coating process, where the water
and is removed. The web path through the tower is typically vertical. Multiple
dipping and drying/baking steps may be used ic produce a mudti- layer film that is
peeled from the web, resulting in the final product. The film is sintered Yike other
fluoropolymer products to achieve final characteristics. Once the final film layer is
applied, the film is wound onto a roller.

Diagrams of the glass cloth coating and the cast film processes are provided in
Figures | and 2, respectively. Stack test sample port locations are provided in

Figures 3-5.
Testing Barr Engineering Co.  (952) 832-2630
Company and Tim Russell {612) 741-688% mobile
Contact: Vice President, Chemical Engineer

trussell @barr.com
4300 MarketPointe Drive, Suite 200
Minneapolis, MN 55435
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Private PFAS and GenX analysis

Analytical SGS Accutest  (407) 425-6700 ext 2602
Laboratories and  Norm Farmer (407) 595-9987 mobile
Contacts: Corporate Technical Director

MNorman.Farmer@3GS.com
4405 Vineland Rd

Suite C-15

Orlando, FL 32811

Ammonia and Total Floorides analysis
Element One Inc.

Paula Smith

6319-D Carolina Beach Road
Wilmington, NC 28412

PART 1L TESTING REQUIREMENTS

'The table below provides a summary of the pollutants to be tested and test methods.

Source Limitation | Pollutant Tested and | Specific Methods Citation
Description | Basis of Applicable Emission
Pollutant Limit
Tested
MA None Determine UCMR 3 EPA Methods [-4
. List 1 PFAS . .
Coating - Modified EPA Method 5 (Three 2-hour test runs)
Tower compounds and
j GenX. See compound
Exhaust .
list below,
Total Fluorides EPA Method 13B (Three 1-hr test runs)
Ammonia EPA CTM 027 (Three 1-hr test runs)
MS None Determine UCMR 3 EPA Methods 1-4
Coating List IAP}«A;S Modified EPA Method 5 {Three 2-hour test runs)
compounds and
Tower .
GenX. See compound
Exhaust .
list below.
QX Cast None Determine UCMR 3 EPA Methods 1-4
h?m Line List 1 PFAS Modified EPA Method 5 (Three 2-hour test runs)
{(pilot compounds and
control GenX. See compound | EPA Method 2 airflow rates will be measured on
device inlet fist below. the main stack once during each test run to
and outlet) determine total airflow volume from the line.
Moisture content, gas composition and pollutant
concentration will be assumed equal to
measurements made at the pilot scale test inlet
tocation. The sum of airflow measurements made
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at the pilot scale test inlet and main stack will be
used to calculate uncontrolled mass emissions
from the line.

Fluorinated compound analyte list for 3G8 Accutest submitted samples:
Perfluorcoctane Sulfonic Acid (PFOS)

Perfluoroocianoic Acid (FFOA)

Perfluorononanoic Acid {(PFNA)

Perflnorohexane Sulfonic Acid (PFHxS)

Perfluorcheptancic Acid (PFHpA)

Perfluorobutane Sulfonic Acid (PFBS)

2.3,3 3-Tewafluoro-2-(heptafluoropropoxyipropanocic acid (GenX)

PFAS Detection Limits

SGS8 Accutest provided information regarding current detection limits for the compounds targeted in this
project. For most compounds, method detection limits (MDLs) are 0.0025 ug/l and reporting limits (RLg)
are (L0106 pgdl. With that, a simple case of a 100 mi liguid sample fraction from an impinger sample with
a typical air sample volume of 60 {1® in a two hour test ran would have a detection limit of (.39 ng/m® at
the RL. Of course, the answer to the detection Hmit question becomes more complicated under the
chosen sampling and analytical methodology. Each test run will generate seven sarople fractions that are
analyzed separately. For each test run, the reported total mass of a compound and resulting calculated air
concentration and mass emission rate for that compound is the sum of the values determined for each
sample fraction. The commonly accepted reporting convention is to add the values of all sample fractions
with a detectable quantity of the compound plus the value at the detection limit for fractions that are

non~detect and to gualify the calculated sum with a “<” designation,
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PART UL OPERATING CONDITIONS AND PROCESS SAMPLES

The table and paragraph below identifies the process equipment 1o be tested, the operating parameters to

he monitored and reported, and the rationale for testing.

Process Equipment Description for
Units to be Tested

MA and MS Coating Towers

Process Equipment Parameter
Monitoring During Performance Test

Pspersion identification, dispersion application rate, web
width, line speed, coating pass number and oven zone
sermperature information will be recorded during the st

Process Monitoring Freguency

Continuously or at least every 15 minutes during test run

Personal Assigned to Record data

Saint Gobain staff

Control Equipment Description

These sources are uncontrolled

Control Equipment Operating
Parameter During Performance Test

Not applicable

Process Samples

Dispersion sample taken from dip pan

Sampling Frequency

1 sample per tost ran

Personnel Assigned to Collect
Samples

Barr staft
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Process Equipment Description for
Units to be Tested

OX Cast Film Line

Process Equipment Parameter
Monitoring During Performance Test

Dispersion identification, dispersion application rate, web
width, line speed and oven temperature information will
be recorded during the test

Process Monitoring Freguency

Continnously or at least every 15 minutes during fest run

Personal Assigned to Record data

Saint Gobain staff

Control Equipment Description

Pilot scale coalescing fiberbed filter

Control Equipment Operating
Parameter During Performance Test

Quench water rate and pressure drop across pre-filter (if
applicable) and fiberbed filier. Details to be adjusted

based upon pilot unit specifics and instrumentation
package

Monitoring Frequency Start and every 15 minutes during test run

Personnel Assigned to Record data Saint Gobain or Barr staff

3

Dispersion - QX process line utilizes multiple “dip pans”™.
Each dip pan will be sampled individually during each
test run. These samples will be collected and analyzed
independently

Process Samples

Supply water

Scrubber Sump water

Sampling Frequency i sample per test run

Persomnel Assigned 1o Collect Saint Gobain or Bary staff

Samples

PART IV, TEST AND ANALYTICAL METHODS

The following is a description of the test methods, number of test runs, length of test runs, and sampling

rate for each analyte.

A, EPA Method 1 for the location of sampling ports and points. One determination per test location.
B. EPA Method 2 for stack gas velocity and volumetric flow rate. One determination per Modified
EPA Method 5 test run.

Modified EPA Method 3/3A to determine stack gas molecular weight. One detenmination per

0

Modified EPA Method 5 test run. Integrated gas samples of approximately 120 minutes will be
collected in Tedlar Bags during each test run from the exbaust of the dry gas meter. The dry stack

gas will be analyzed with 2 Servomex 1440 oxygen and carbon dioxide analyzer calibrated o
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EPA Method 3A/7E specifications. Ambient air or EPA protocol gas will be used for the oxygen
span gas upper value. CEMS grade nitrogen will be used to zero instramentation. All other
calibration gases used will be EPA Protocol certified gases. An example calibration gas
certification is provided in the attachments.

. EPA Method 4 for determination of moisture content in stack gas. One determination per
Modified EPA Method 5 test run,

. EPA Method § Modified to collect perfluorinated compounds. The sample train will consist of &
sample nozzle and heated sample probe and three impingers in series followed by an unheated
glass fiber filter. The three tmpingers will be charged in order with 100 mi each of de-ionized
water, (. 1N sodium hydroxide, and 0.01N sodium borate buffer. Each of the five resulting sample
fractions will be recovered and analyzed separately for the determination of total target analyie
mass. The filter will be collected separately from a methanol rinse of all components of the
sample train, The modification of Method 5 follows test protocols previcusly accepted by the
USEPA. A copy of the method, as published in the Febroary 2005 QAPP for the Dispersion
Processor Mass Balance Study Project is attached. The modified method was written specifically
for the collection of APFO, but has since been utilized for sampling the class of compounds
included in this test, Sampling times will be three runs of 120 minute duration for each test,
Additional modifications are being made 1o this method for this test and are described below in
item F.

Additional modifications are being made to Method 5 sample train for this test in order to capture
semi-volatile PFAS compounds. A heated glass fiber filter will be added to the oven section of
the sample train followed by a water chilled coiled condenser, water chilled XAD? resin trap and
a knockout impinger prior o the impinger array and final filter described above. The trap will be
spiked by SGS Acutest at 100 ng for M3PFPeA, M2PFDA, MIPFOA and M4PFOS. The heated
filter and resin trap will be collected and submitted for analysis as two additional saraple fractions
for a total of 7 samples for submittal {front filter, XADZ trap, DI impinger, sodium hydroxide
impinger, sodium borate impinger, back filter and all components of train methano! rinse). Water
collecied in the knockout impinger will be combined with the D impinger sample. All
components of the sample train will be rinsed with methanol. The silica gel impinger will be
weighed pre and post test runs and will not be stored in a container. Reagent blanks will be
collected multiple times during the sampling campeaign. Train blanks will be collected for each
test location and will consist of setting up and recovery of complete sample train. Moisture
determinations from the sample irains will be determined gravimetrically. The following train

components will be weighed pre and post test run: XAD?Z trap, knockout impinger, DI impinger,
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3.1 sodium hydroxide impinger, 0.01 sodium borate impinger, final filter assembly and the dry
column. All samples, with exception of dispersion samples, will be stored in cooled condition.

G, SGS Accutest of Orlando, FL will perform the laboratory analysis of the air impinger, dispersion
coating and conirol device waler samples using high pressure liguid chromatography and tandem
mass spectrometry (LO/ME/MS) In accordance with EPA Method 537 modified 10 accommodate
the air emission testing procedures and to enhance method performance as per 8G5 S0PS.

H. EPA Method 13B Determination of total fluoride emissions. Gas stream will be sampled
isokinetically to account for possible water droplets or mist. Sampling times will be three runs of
60 minute duration for each test. The sampling train will be arranged and operated as described in
the method with filtration taking place after the third Iimpinger. The reagent and recovery solvemt
will be environmental grade water, The filter media will be Whatman #1 as listed in the method
{See Method 13A 7.1.1.1}. Sample will be recovered into HDPE sample storage bottles. Reagent
blanks will be collected and analyzed. Temperatare control of samples is not required for this
method. Description of the sample train, setup, operation, recovery and analysis are located in
EPA Method 13B. A copy of the method is not provided with this test plan submittal,

I. EPA Conditional Test Method {CTM) 027 Determination of ammonia emissions Modified. Gas
stream will be sampled isokinetically to account for possible water droplets or mist. Sampling
times will be three runs of 60-minute duration for the test. The sample train will be as operated
and arranged as described in the method, except that filiration will take place in oven. Filiration in
the oven was chosen as opposed to the in-stack approach in the described in the method due to
concerns of potential area blockage in small dismeter stack. The probe and filter temperatures
will be operated at temperatures consistent with EPA Method 5. This is expected to have no
impact on results since filterable portion is not analyzed. The sample train will consist of three
impingers as described in the method. Impingers one, two and three will be loaded with 100 mis
{.1N sulfuric acid. The third impinger will be analyzed separately for determination of
breakthrough. Reagent blanks will be collected and analyzed. Temperature control of samples is
required for this method. The above exceptions, notwithstanding, the test description of the
sample train, setup, operation, recovery and analysis are located in CTM Method 027, A copy of

the method i3 not provided with this test plan subminal.

PART V. CALIBRATION METHODS AND PRETEST PREPARATIONS

A, The EPA Method 3 Equipment will be calibrated prior 10 the test in accordance with the
requirements in 40 CFR Part 60, Appendix A, EPA Quality Assurance Handbook for Alr
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Pollutant Measurement Systems: Volume I Stationary Sources Specific Methods and Barr

Standard Operating Procedures.

B. Pretest preparations for Modified Method 5 for PFAS compounds includes cleaning and methanol

rinse of all sample train glassware components and the preparation of sampling reagents. Special

care is made to eliminate all components of the sample train that may contain fluoropolymer

constituents in order to avoid trace contamination of the samples from those components.

Examples include avoiding the use of Teflon™ compression fiitings or ferrules, sealing tape or

sample jar liners, and fluoropolymer encapsulated O-ring seals.

PART VL QUALITY ASSURANCE AND LABORATORY STANDARD OPERATING

PROCEDURES

A. SGS Accutest Orlando facility has developed standard operating procedures for use of EPA

Method 537 for the purposes of this project. The SOPs are considered to be proprietary business

information by SGS and can be shared upoen execution of a confidentiality agreement,

B. A complete review of the analytical laboratory recoveries, duplicates, and raw data by a member

of Barr's Data Quality Assurance staff will be performed and presented in the test report,

PART VIL SAFETY

Emergency procedures are outlined in Saint Gobain’s “Contractor Control Program™ which can be

reviewed upon arrival at the facility. In the event of a medical, fire or other emergency response, dial 911

and then the company contact.

PART VI TEST SCHEDULE

Day 1 Day 2 Day 3 Day 4 Day 3 Day 6
Monday Tuesday Wednesday Thursday Friday Saturday
4/23 4/24 4/25 4/26 4727 4/28
Travel Travel Facility Safety Test Towers Test Towers Move gear
Meeting MA and MS from
MA and MS MA/MS
Pretest
Coordination Three test runs A Ry ton QX
] Three test runs | inlet/outlet
Equipment Setup on each tower A
on each tower
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Three test runs
simultaneous at
each test location

Three test runs
simultaneous at
each test
location

ammonia RTAP

Three I-hr test
runs per test (six
runs total)

Day 7 Day § Day 9 Day 10 Day 11 Day 12
Sunday Mon Tuesday Wednesday Thursday Friday
4/29 4/30 5/1 502 5/3 5/4
Day Test QX Cast Test QX Cast Test Tower MA Travel Travel

Off Film inlet/outlet Film inlet/outlet Fluorides and

Typical Daily Test Schedule:

0760

0800

(800-1000
1000-1100
1100-1300
1300-1400
1400-1600

Barr staff arrive and process is running at this time

Target test start tme

Test Run |

Sample recovery

Test Run 2

Sample recovery

Test Run 3

10
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PART IX. TEST REPORT
One complete test report will be submitted within 45 days of receipt of the full and final laboratory data
report.
Submittal Address: Mr. Ed Peduto
Sr. Compliance Assessment Engineer
Air Resources Division — Compliance Bureau
Mew Hampshire Department of Environmental Services
29 Hazen Drive
Concord, NH 03301
(603) 271-1987

Edward Pedurolr@des niuzoy

Attachments:

Standard Operating Procedure- Particulate and Condensable Matter Sampling for Ammoniom
Perfluoro-octoanate in Stack Emissions

Figure 1 — Typical Glass Cloth Process Diagram

Figure 2 — Typical Cast Film Process Diagram

Figure 3 ~ Test port locations Tower MA exhaust

Figure 4 - Test port locations Tower MS exhaust

Figure § — Test port Jocations QX cast film pilot control device inlet/outlet

Example Calibration Gas Certification

11
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STANDARD OPERATING PROCEDURE

Particulate and Condensable Matter Sampling for
Ammonium Perfluoro-octoanate in Stack Emissions

1.0 Scope and Application

This Standard Operating Procedure (SOP) is applicable to gas streams flowing in ducts, stacks and flues
for the determination of average flow velocity, moisture content, gas molecular weight (carbon dioxide
{COy), oxygen (Gr) content) and ammonium perfluoro-octoanate (APFQ) content in particulate and

condensable matter in stationary sources.

This SOP is primarily based on USEPA Method 3, however it also incorporates procedures from USEPA
Methods 1. 2, 3, 3A, and 4. It is the responsibility of the team leader/project manager to read and

understand the EPA Methods referenced.

2.0 Summary of Method

A representative measurement site is selected and stack gas is withdrawn isokinetically from the source
and collected in a heated sample probe, a series of chilled glass impingers and on a glass {iber {ilter
maintained at ambient temperature. The APFO mass is determined analytically; which includes any
material that condenses at the operating temperatures of the sampling train, is scrubbed or filtered from

the sample, or combines chemically with the sample train absorbing solutions.

3.0 Equipment and Supplies

3.1 Airflow Velocity

Stainjess steel standard and type S Pitot Tubes of various lengths
Calibrated Pyrometer

Water for Wet Bulb

Calibrated Thermocouples

Calibrated Barometer

Calibrated differential pressure measurement devices

Tape Measure

Duct tape

Sharpie Marking Pens

High temperature fiberglass tape

Wet Bulb Wicks

12
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Spare batteries for pyrometer and electronic manometers

Protractor for Cyclonic Flow Determinations

3.2 APFO Sampling

Stainless Steel Probes/Pitot tube assemblies (various lengths that include the probe sheath, S-type pitot

wbe, and stack temperature thermocouple)

Sample Modules (heated oven box and impinger ice bath) Umbilical {various lengths between 50 and 200

feet) Control Modules
Yacuum Pumps

Lab Box : Containing probe cleaning brush, field balance, sample recovery solvent wash bottles,
desiccant, sample nozzle set with calipers for field validation of nozzle opening diameter and supply of
compression fittings and ferroles for probe/nozzle union, 2- 107 crescent wrenches, 3- 250 mi
polvethylene graduated cylinders, supply of deionized water (for purposes of this SOP when deionized
water is referred to it means Type | water that has been treated with Hypercarb to remove traces of
APF(), supply of acetone (for purposes of this SOP when acetone is referred to it means Optima Grade
Acetone or equivalent), sample bottle labels, supply of pump and manometer oils, size 0 and 00 rubber
stoppers, field portable pH meter and pH paper, duct tape, high temperature fiberglass tape, stopeock
grease (acelong-insoluble, heat-stable silicone grease), neoprene gloves, leather and cloth work cloves,
Kim wipes, spare fuse supply for control module, tape measure, 47 LD latex tubing, spare silicone OG-

rings for ground glass ball fitings on glassware.

Glassware Box: containing glass filter holder assemblies, glass filter frits with silicone gaskets, filter
cyclones and Erlenmeyer flasks, filter and cyclone bypass glassware, a supply of clean glass fiber filters
in styrene Petri dishes, filter forceps, nylon bristie brushes and rabber policeman for sample recovery, size

{3 and 00 rubber stoppers to seal glassware openings, Kim wipes.

Impinger seis (ball and socket type with silicone O-ring seals) with connecting u-tube glassware and

glassware clamps,
Monerails and port clamps
Polyethylene

Sample containers

13

ED_006086_00110264-00045



Tap Water
Toweling {cloth and fiberglass cloth) to seal sample ports during sample runs.

Probe Liners, Borosilicate or quantz glass tubing with a heating system capable of maintaining a probe gas

temperature of (248 % 25°F) during sample performance.

Supply of 0.1N NaOH, 0.01N Na2B407 buffer solution, and methanol sampling reagents. Both the
Na{OH solution and the buffer solutions will be prepared in the laboratory using Typel Water that has
been treated with Hypercarb to remove traces of APFO. For purposes of this SOP, when methanol is

referred to 1t means Optima Grade Methanol or equivalent.
Crushed or cubed ice.

3.3 CO02, 02 Determination
Field portable oxygen meter to monitor oxygen content of the exhaust of the EPA Method 5 sample train

during sample collection,

Leak-free bags (3-40 liters in size, Tedlar or similar construction) for the collection of integrated stack gas

samples from the exhaust of the EPA Method 3 sample train during each sample run.

Orsat analyzer with reagent {oxygen absorbent and carbon dioxide absorbent} supply to support the
performance of EPA Method 3 or oxygen/carbon dioxide gas analyzer(s} for EPA Method 3A. The choice

of EPA Methods 3 or 34 is left 1o the discretion of the team leader.

Gas manifold for the introduction of calibration gas and the integraied gas sample for use with

oxygenfcarbon dioxide gas analyzer(s) in accordance with EPA Method 3A.

EPA Protocol 1 calibration gas mixtures for use with oxygen/carbon dioxide gas analyzer(s) in
accordance with EPA Method 3A. Ambient air may be used as upper span gas for oxygen analyzer

calibration. CEMS grade nitrogen will be used for both oxygen and carbon dioaide instrument zero.

3.4 Moisture Determination

Same as APFO sampling equipment. The moisture determination 15 an intrinsic part of the APFO sample

collection method and will be performed during each sample run.

14
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3.5 General Equipment

Extension cords (30 and 100 foot lengths) Lights

Shelter (tent) for outdoor sampling locations

Heater for cold weather sampling locations

Folding table and chair for equipment setup

Ropes (50-150 fect in length as needed) 1o raise and lower equipment to sample platforms
Plastic trash bags

Briefcase with copies of necessary field data sheets, clipboard, calculator, pens.
Laptop computer for field data entry using spreadsheet for EPA Method 3 calculations
Duct Tape

Tools

Two-way radios

Polyethylene Tubing (1/4” G.D.)

Supply of compression fittings

Sample Cooler lce Cooler

3.6 Safety Equipment

Hot gloves

Cold weather gear as needed

Hard Hats {with visors for splash protection as needed)

Protective coveralls and gloves as dictated by conditions at cach sample location
Ear Plugs

Safety Footwear

Respiratory protection

Portable Eyewash

First Aid Kit

Safety Glasses

Harness and lanyard(s) as required to work safely at each sampling location

4.0 Procedure

4.1 Selection of Measurement Sile

4.1.1  Sampling and/or velocity measurements are performed at a site located at least eight stack or duct

diameters downstream and two diameters upstream from any flow disturbance such as a bend, expansion,
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or contraction in the stack, or from a visible flame. If necessary, an alternative location may be selected,
at 2 position at least two stack or duct diameters downsiream and a half diameter vpstream from any {low

disturbance. The procedure to select the measurement site is performed once for each sampling location,

4,1.2 Particulate Traverses

4.1.2.1 When the eight- and two-diameter criterion can be met, the minimum number of traverse
points shall be: (1) twelve, for circular or rectangular stacks with diameters {or equivalent diameters)
greater than 0.61 meter (24 in.); (2) eight, for circular stacks with diameters between 0.30 and 0.61 meter
{12 and 24 in.); and (3} nine, for rectangular stacks with equivalent diameters between 0.30 and 0.61

meter (12 and 24 in.).

4.1.2.2 When the eight- and two-diameter criterion cannot be met, the minimum number of
traverse points is determined from Figure 1-1 in EPA Method 1 (40 CFR Part 60 Appendix A). Before
referring to the figure, however, determine the distances from the measurement site to the nearest
upsiream and downstream disturbances, and divide each distance by the stack diameter or equivalent
diameter, to determine the distance in terms of the number of duct diameters. Then, determine from
Figure 1-1 the minimum number of traverse points that corresponds: {1} to the number of duct diameters
upstream; and (2) to the number of diameters downstream. Select the higher of the two minimum
numbers of traverse points, or a greater value, so that for circular stacks the number is a multiple of 4, and

for rectangular stacks, the number is one of those shown in Table 1-1 in EPA Method 1 {40 CFR Part 60

Appendix A).

4.1.3 Cross-Sectional Layout and Location of Traverse Points.

4.1.3.1 Circular Stacks.

4.1.3.1.1 Locate the traverse points on two perpendicular dismeters according to Table 1-2

in EPA Method 1 (40 CFR Part 60 Appendix A).

4.1.3.1.2 For particulate traverses, one of the diameters must coincide with the plane
containing the greatest expected concentration variation {&.g., after bends); one diameter shall be

congruent to the direction of the bend.

4.1.3.1.3 In addition, for elliptical stacks having unequal perpendicular diameters, separate
traverse points shall be calculated and located along each diameter. To determine the cross-

sectional area of the elliptical stack, use the following equation:

16
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Square Area =Dl x D2 x 0.7834

Where:
D = Stack diameter !
D2 = Stack diameter 2
4.1.3.1.4 In addition, for stacks having diameters greater than (.61 m (24 in.), no traverse

points shall be within 2.5 centimeters {1.00 in.) of the stack walls; and for stack diameters equal (o
or less than 0.61 m (24 in.), no traverse points shall be located within 1.3 em (0.50 in.} of the stack

walls.

4.1.4 Stacks with Diameters Greater Than 0.61 m (24 in.).

4.1.4.1 When any of the traverse points as located in Section 11.3.1 fall within 2.5 cm {1.0in) of
the stack walls, relocate them away from the stack walls s (D adistance of 25 em (1.0 iny or (2 a
distance equal 1o the nozzle inside diameter, whichever is larger. These relocated traverse points {on each

end of a diameter) shall be the "adjusted” traverse poins,

4.1.4.2  Whenever two successive traverse points are combined 1o form a single adjusted traverse
point, treat the adjusted point as two separate traverse points, both in the sampling and/or velocity

mieasurement procedure, and in recording of the data.

4.1.5 Stacks With Diameters Equal To or Less Than 0.61 m (24 in.}.

Follow the procedure in Section 4.1.3.1, noting only that any "adjusted” points should be relocated away
from the stack walls to: (1) a distance of 1.3 cm (0.50 in.); or {2} a distance equal to the nozzle inside

diameter, whichever is larger.

4.1.6 Rectangular Stacks.

4.1.8.1 Determine the number of traverse points as explained in Sections 4.1.2.1 and 4.1.2.2 of
this SOP. From Table 1-1, determine the grid configuration. Divide the stack cross-section into as many
equal rectangular elemental areas as traverse poinis, and then locate a traverse point at the centroid of

each egual area according to the example in Figure 14 in EPA Method 1 (40 CFR Part 60 Appendix A).

4.1.7 Verification of Absence of Cyclonic Flow.

4.1.7.1 In most stationary sources, the direction of stack gas flow is essentially parallel to the

stack walls. However, cyclonic flow may exist {1} after such devices as cyclones and inertial demisters

17

ED_006086_00110264-00049




following venturi scrubbers, or {2) in stacks having tangential inlets or other duct configurations which
tend o induce swirling: in these instances, the presence or absence of cyclonic flow at the sampling

location must be determined. The following technigues are acceptable for this determination.

4.1.7.2  Level and zero the manometer. Connect a Type 8 pitot tube to the manometer and leak-
check system. Position the Type 5 pitot tube at each traverse point, in succession, so that the planes of the
face openings of the pitot tube are perpendicular to the stack cross- sectional plane; when the Type S pitot
tube is in this position, it is at "0° reference.” Note the differential pressure (dp) reading at each traverse
point. If a null (zero) pitot reading is obtained at {° reference at a given traverse point, an acceptable flow
condition exists at that point. If the pitot reading is not zero at 0° reference, rotate the pitot tube {up to
£00° yaw angle), until a null reading is obtained. Carefully determine and record the value of the rotation
angle to the nearest degree. After the null technigue has been applied at each traverse point, calculate the
average of the absohute values of the rotation angle; assign values of 0% to those points for which no
rotation was required, and include these in the overall average. If the average value of is greater than 207,
the overall flow condition in the stack is unacceptable, and alternative methodology, subject o the

approval of the Administrator, must be used to perform accurate sample and velocity raverses.

4.1.8 Data Analysis and Calculations.

Nomenclature,
L = length
W = width.

4.1.8.1 For a rectangular cross section, an equivalent diameter (De) shall be calculated using the

following equation, to determine the upstream and downstream distances:
De =2 (L) (WYL + W)
4.2 Determination of Stack Gas Velocity and Volumetric Flow Rate (Type S Pitot
Tube)

4.2.1  Setup the apparatus as shown in Figure 2-1 in EPA Method 2 {40 CFR Part 60 Appendix A).
Perform a leak-check be conducted as follows: {1} blow through the pitot impact opening until at least 7.6
cm {3.0 in) H20 velocity head registers on the manometer; then, close off the impact opening. The
pressure shall remain stable for at least 15 seconds; (2) do the same for the static pressure side, except

using suction to obtain the minimum of 7.6 cm (3.0 in.) H20.
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4.2.2 Level and zero the manometer, Check level at least once per hour, Record all necessary data on

data sheet.

4.2.3 Measure the velocity head and temperature at the traverse points. Ensuare that the proper
differential pressure gauge is being used for the range of dp values encountered. Conduct 3 post-sample
leak-check as described in Section 4.2.1 above, 1o validate the traverse run. An initial velocity traverse
will be conducted at each sampling location 1o support the selection of the appropriate sample nozzle for
the modified Method 5 APFO isoldnetic sampling method. Each of three APFO sample runs conducted at

each location will inclade the determination of stack gas velocity and volumetric flow rate,
4.2.4 Maeasure the static pressure in the stack. One reading is usually adequate per location.
4.2.5 Determine the atmospheric pressure at the meter console location.

4.2.8 Determine the stack gas dry molecular weight using the procedures described in Section 4.3, The
team leader can assume a gas composition of 20.9% oxygen, 0.0% carbon dioxide and the balance
nitrogen for non-combustion sources that utilize ambient air in the industrial process. The team leader can
also assume a gas composition consistent with past experience on similar sources as an initialization

parameter for the modified Method 5 APFQ sampling method.

4.2.7 Obtain the moisture content from using procedures described in Section 4.4, The team leader can
use the alternative determination of moisture content using wet-bulb/dry-bulb temperature measurements

as an initialization parameter for the modified Method 5 APFO sampling method.

4.2.8 Determine the cross-sectional area of the stack or duct at the sampling location. Measure each

diameter distance to verify its dimensions.

4.3 Gas Analysis for the Determination of Dry Molecular Weight

4.3.1 Perform the following procedures before measurement of emissions. An integrated multi-point
sample of the stack gas will be taken concurrently with each modified Method 5 APFO sampling run. The
integrated gas sample will either be analyzed for oxygen and carbon dioxide content in accordance with
the procedures provided in EPA Method 3 or 3A found in 40 CFR Part 60 Appendix A. The team leader
may assume the dry molecular weight of ambient air for ambient sources, confirmed by the use of a field

portable oxygen analyzer, and forgo the collection of the integrated gas sample.
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4.3.2 Muilti-Point, integrated Sampling Procedure.

4.3.2.1 Unless otherwise specified in an applicable regulation, or by the Administrator, a
minimum of eight traverse points shall be used for circular stacks having diameters less than 0.6 m (24
in.}, a minimum of nine shall be used for rectangular stacks having equivalent diameters less than 0.61 m
{24 in.), and a minimum of 12 traverse points shall be used for all other cases. The traverse points shall be

located according to EPA Method L

4.3.2.2  Evacuate the flexible bag. Connect the probe, and place it in the stack, with the tip of the
probe positioned at the sampling point. Purge the sampling line. Next, connect the bag, and make sure

that all connections are tight.

4.3.2.3 Sample Collection. Sample a ship stream at a constant rate from the exhaust of the
modified EPA Method 5 APFO sample train (& 10 percent). The sampling run should be simultaneous
with, and for the same tofal length of time as, the APFO emission rate determination. Collection of al
feast 28 liters (1.0 %) of sample gas is recommended; however, smaller volumes may be collected, if

desired.

4.3.2.4  Obtain one integrated flue pas sample during each pollutant emission rate determination.
Within 8 hours after the sample is taken, analyze it for percent COn and percent Oz using either an Orsat

analyzer or instrumental analyzers,

4.3.3 Integrated Sample Analysis using Orsat Analyzer. Use an Orsat analyzer to measure G and CO;
concentration for dry molecular weight determination, using procedures as specified in the analyzer user's
manual. If an Orsat analyzer is used, it is recommended that the Orsat leak-check, described in Section
4.3.3.1, be performed before this determination; however, the check is optional. Calculate the dry
molecular weight as indicated in Section 4.3.5. Repeat the analysis and caleulation procedures until the
individual dry molecular weights for any three analyses differ from their mean by no more than 0.3 gfg-
mole (0.3 Ib/lb-mole). Average these three molecular weights, and report the results 1o the nearest 0.1 g/g-

mole (1.1 b/tb-mole).

4.3.3.1 Leak-Check Procedure for Orsat Analyzer. Moving an Orsat analyzer frequently causes it
to leak, Therefore, an Orsat analyzer should be thoroughly leak-checked on site before the flue gas sample

is introduced into it. The procedure for leak-checking an Orsat analyzer is as follows:
4.3.3.2  Bring the liquid level in each pipetie up to the reference mark on the capillary tubing, and

then close the pipette stopcock.
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4.3.3.3 Raise the leveling bulb sufficiently to bring the confining liquid meniscus onto the

graduated portion of the burette, and then close the manifold stopeock.
4.3.3.4  Record the meniscus position.

4.33.5  Observe the meniscus in the burette and the liquid level in the pipette for movement over

the next 4 minutes.
4.3.3.6  For the Orsat analyzer to pass the leak-check, two conditions must be met:

4.3.3.7  The liquid level in each pipette must not fall below the bottom of the capillary tubing

during this 4-minaie interval,

4.3.3.8  The meniscus in the burette must not change by more than 0.2 mi during this 4-minnte

interval.

4.3.3.8  If the analyzer fails the leak-check procedure, check all rubber connections and stopcocks
to determine whether they might be the cause of the leak. Disassemble, clean, and regrease any leaking
stopcocks, Replace leaking rubber connections. Afier the analyzer is reassembled, repeat the lesk-check

procedure.

4.3.4 Integrated Sample Analysis using Instrumental Analyzers

4.3.4.1 This is a modification of EPA Method 3A (40 CFR Part 60 Appendix A) for the analysis
of an integrated gas sample (Tedlar Bags), where Method 3A is written for the continuous analysis of 2
sample gas stream over the duration of each sample run, and can be utilized at the discretion of the team
leader. The dry stack gas will be analyzed with a Servomex 1440 oxygen and carbon dioxide analyzers
calibrated 1o EPA Method 3A/7E specifications. Ambient air may be used for the oxygen span gas upper
valug, CEMS grade nitrogen will be used to zero instrumentation. All other calibration gases used will be

EPA Protocol certified gases,

4.34.2  Mecasarement Sysiem Preparation, Analyzer Calibration Error, Follow Sections 8.2
through 3.5 of EPA Method 7Eto calibrate the analyzers directly with appropriate ranges of calibration
gases Record instrument information, date, operator and calibration information on Modified EPA
Method 3A form. Calibration will consist of a zero gas (CEM grade nifrogen, upper span gas and mid-
range gas. Zero instruments with nitrogen, set span to accurately read upper span gas, then introduce mid

gas. All results of the linearization must be within 2% of span (range) of target concentration.
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4.3.43  Connectintegrated bag sample 1o analyzer inlet and record to the tenth of a percent the
stable values on Modified 3A data form for oxygen and carbon dioxide. One stable reading per integrated

bag.

4.3.4.4  Zeroand Calibration Drift Test, Follow Section 8.5 of EPA Method 7E.Once all samples
have been analyzed and recorded, repeat the analyzer Hnearization calibration error without adjusiments
to determine if analyzer drift has occurred. Drift of no more than 3% of span value will be accepted.
(Given the relatively short duration of time from initial linearization to final calibration this is not expected

{0 be g concern.

4.3.4.5  Emission Calculation. Measured concentrations of oxygen and carbon dioxide will be
corrected for any calibration error or deift bias using the pre and post analysis analyzer calibration values

for zero and upscale gas that is closest to the stack value.

4.3.4.5.1 For all C02 analyzers, and for O2 analyzers that can be calibrated with zero gas,

express all concentrations as percent.

4.3.4.5.2 For 02 analyzers that use a low-level calibration gas in place of a zero gas,

calculate the effluent gas concentration using the following equation.

Cma - Coa
(gas = T {Cavg-cm)} + cma
Where:
Cgas = Effluent gas concentration, dry basis, percent.
Cma = Actual concentration of the upscale calibration gas, percent.
Coa = Actual conceniration of the low-level calibration gas, percent,
Cm = Average of initial and final analyzer calibration bias check responses for the upscale

calibration gas, percent.

Co = Average of initial and final analyzer calibration bias check responses for the low

level gas, percent.

Cavg = Average gas concentration indicated by the gas analyzer, dry basis, percent.

4.3.5 Calculations and Data Analysis.
4.3.5.1 Nomenclature.

My = Dry molecular weight, g/g-mole (Ib/lb-mole).
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BC07 = Percent CO7Z by volume, dry basis,

%2 = Percent O2 by volume, dry basis.

%O =  Percent CO by volume, dry basis,

%N2 = Percent N2 by volume, dry basis.

0280 = Molecular weight of N2 or CO, divided by 100.
0.320 = Molecular weight of Q2 divided by 100

0440 = Molecular weight of £O2 divided by 100

4352  Nitrogen, Carbon Monoxide Concentration. Determine the percentage of the gas that is

Nyand CO by subtracting the sum of the percent T0s and percent Os from 100 percent.

4353  Dry Molecular Weight. Use the equation 3-1 of EPA Method 3, provided below, to

calculate the dry molecular weight of the stack gas.

M, **0.440 (%¥C0,} **0.320 (80,) *=0.280 (BN, »*3CO) Eg. 3-1

4.4 Determination of Moisture Content in Stack Gases

EPA Method 4 (40 CFR Part 60 Appendix A) procedures will be utilized to determine the stack gas
moisture content concurrent with each modified Method 5 APFO sampling run. The team leader can use
the aliernative determination of moisture content using wet- bulb/dry-bulb emperature measurements as

an initiglization parameter for the modified Method 5 APFO sampling method.

4.4.1 Preparation of Sampling Train

4.4.1.1 Place known volumes of reagents in the impingers as described in Section 4.5,
Dietermingtion of APFO Emissions from Stationary Sources. Weigh and record the weight of the

desiccant impinger to the nearest 0.3 g.

44.1.2 Set up the sampling train as shown in Figure 4-1 of EPA Method 4 and specified in
Section 4.5, Turn on the probe heater and (if applicable) the filter heating system (o temperatures of
approximately 120°C (248°F), to prevent water condensation ahead of the condenser system. Allow time

for the temperatures to stabilize. Place crushed ice and water in the ice bath container.

4.41.3  Metering System. Sarne as that described in Bection 4.5,
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4.4.1.4  Leak check: Plug the nozzle and pull 2 380 mm {15 in} Hg vacuum. A leakage rate in
excess of 4 percent of the average sampling rate or G.00057 m3/min (0.020 ofm), whichever is less, is

unacceptable. Pollowing the leak check, reconnect the probe to the sampling train,

4.41.5  Sampling Train Operation. During the sampling run, maintain an isokinetic sampling rate
consistent with the method for the Determination of APFQO Emissions from Stationary Sources. For each
run, record the data required on a data sheet, Be sure to record the dry gas meter reading at the beginning
and end of each sampling time increment and whenever sampling is halted. Take other appropriate

readings at each sample point at least once during each time increment.

4.4.1.6  To begin sampling, position the probe tip at the first traverse point. Immediately start the
pump, and adjust the flow o the desired rate. Traverse the cross section, sampling at each traverse point
for an equal length of time. Add more ice and, if necessary, salt 1o maintain a temperature of less than 20

°C (68 °F) at the desiccant impinger outlet.

4.4.1.7  Afier collecting the samiple, conduct a leak check of the sampling train as described in
Section 4.4.1.4. Record the leak rate. If the leakage rate exceeds the allowable rate, either reject the

results or correct the sample volume as in Section 12.3 of EPA Method 5.

4.4.2 Quality Control

Section Guality Control Measure Effect
Section 4.4.1.5 Leak rale of the sampling system Ensures the accuracy of the
cannot exceed 4 peroent of the volume of gas sampled (Relerence

average sampling rate or 0,00087 | Method).
m3/rin (0.020 cfm.

Section 4.4.1.7 Leak rate of the sampling system Ensures the accuracy of the
cannot exceed 2 percent of the vodume of gas sampled
average sampling rate, {Approximation Method).

4.4.3 Calibration and Standardization.

NOTE: Maintain a laboratory log of all calibrations.

4.4.3.1 Calibrate the metering systerm, temperature sensors, and barometer according to Sections

4.5.10.2
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4.4.4 Analytical Procedure.

4.4.4.1 Measure the volume of the moisture condensed in each of the impingers to the nearest ml,
Determine the increase in weight of the desiccant plus impinger to the nearest (.5 g. Record this

information and calculate the moisture content, as described in Section 4.4.5.

4.4.5 Data Analysis and Calculations.

Carry out the following calculations, retaining af least one extra significant figure beyond that of the

acquired data. Round off figures after final calculation.

4.4,5.1 Nomenclature

Bws = Proportion of water vapor, by volume, in the zas stream.

M = Molecular weight of water, 18.0 g/g-mole {18.0 Ib/lb-mole}.

P = Absolute pressure (for this method, same as barometric pressure) at the
dry gas meter, mm Hg {(in, Hg),

P = Standard absolute pressure, 760 mm Hg (28.92 in. Hg).

R = Jdeal gas constant, 8.06236 (mm Hg{m3 )/ (g-mele)(K) for metric units
and 21.85 (in. Hg){A3Y(Ib-mole)(R) for English units,

T = Absoluie temperature al meter, °K (°R).

Ta = Standard absolute temperature, 293 “K (528 °H).

\'E = Final volume of condenser water, ml.

Vi = Initial volume, if any, of condenser water, ml,

Vi = Dry gas volume measured by dry gas meter, dem (def).

Vamsy = Dry gas volume measured by the dry gas meter, corrected to standard
conditions, dsem (dscf).

Veensy = Yolume of water vapor condensed, corrected to standard conditions, sem
{scf).

Visay = Volume of water vapor collected in silica gel, corrected to standard
conditions, scm {scf).

W = Final weight of silica gel or silica gel plus impinger, g.

W = Initial weight of silica gel or silica gel plus mpinger, g.

Y = Dy gas meter calibration factor,

Yo = Incremental dry gas volume messured by dry gas meter at each traverse
point, dem (def).

D = Diensity of water, 0.9982 g/ml (0.002201 1b/mi).
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4.4.5.2  VYolume of Water Yapor Condensed

V . ;ff_wla,s R{T)ﬂd
wistdy — .
e (Pl M,

Where:
K1 0.001333 m3/mi for metric units,

0.04706 £13/ml for English units.

il

4.4.5.3 Volume of Water Collected in Silica Gel.

_ Wy ~WiRT,,

. = . =K (W, -W,
“Sg(.ﬂﬁ} !(}Sgd ﬂf‘w Kz W.Sg(sr#} 3 F }
where:
K2 = 1.0 g/g for metric units
= 453.6 g/ib for English units
K3 = (.001335 m3/g for metric units,
= 0.04715 f13/g for English units.
4454  Sample Gas Volume
‘mepm T,;fd Vm pm
Cny T RAT
std tm w

where:
K4 = (.3855 "K/mm Hg for metric units,
= 17.64 °R/in. Hg for English units.

NQOTE: If the post-sample leak rate {(Section 4.4.1.7) exceeds the allowable rate, correct the value of Vim

in Equation 4-3, as described in Section 12.3 of Method 5.
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4.4.5.5 Moisture Content

ywc(sfd 3 + ?;ﬂzsgistd)

“Bwé‘ et
ym‘(m? 3 + szg{srd} + ym(sid}

4.4.5.6  Ip saturated or moisture droplet-laden gas streams, two calculations of the moisture
content of the stack gas shall be made, one using a value based upon the saturated conditions {see EPA
Method 4 Section 4.1}, and another based upon the results of the impinger analysis. The lower of these

two values of Bws shall be considered correct.

4.5 Determination of APFO Emissions from Stationary Sources

4.5.1 Presampling Preparation
It is suggested that sampling equipment be maintained according to the procedures described in APTD-
0576, The determination of APFO emissions from a stationary source includes the performance of three

replicate sample runs conducted consecutively.

4.5.1.1 Place 200 to 300 g of desiccant in each of several airtight containers, Weigh each
container, including desiccant, 1o the nearest (L5 g, and record this weight. As an alternative, the desiccant
need not be preweighed, but may be weighed directly in its impinger or sampling bolder just prior (o train

assembly,

4.5.1.2  Check filters visually against light for irregularities, flaws, or pinhole leaks. Label filters
of the proper diameter on the back side near the edge using numbering machine ink. As an alternative,

label the shipping containers {glass petri dishes), and keep each filter in its identified container at all times
except during sampling.
4.5.2 Preliminary Determinations.

4521 Select the sampling site and the minimum number of sampling points according to
Section 4.5.2.2 Determine the stack pressure, temperature, and the range of velocity heads using Method
2: Determine the moisture content using Section 4.4, Determine the stack gas dry molecular weight, as

described in Section 4.3,

4.82.2 Select a nozzle size based on the range of velocity heads, such that it is not necessary o

change the nozzle size in order to maintain isokinetic sampling rates, During the run, do not change the
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nozzle size. Ensure that the proper differential pressure gauge is chosen for the range of velocity heads

encountered (see Section 8.3 of EPA Method 2).

4523 Select a suitable probe liner and probe length such that all traverse points can be sampled.

For large stacks, consider sampling from opposite sides of the stack to reduce the required probe length.

4.5.24  Belect atotal sampling time greater than or equal to the minimum total sampling time
specified in the procedures for the specific industry such that (1} the sampling time per point is not less
than 2 minutes {or some greater time interval as specified by the Administrator), and {2) the sample
volume taken {corrected to standard conditions) will exceed the required minimum total gas sample
volume. The latter is based on an approsimate average sampling rate. It is anticipated that APFO sample
runs will be conducted over a 2-hour time period with a designed test volume between 60 and 90 dry

standard cubic feet. The team leader is responsible for setting the test time and air sample volume for each

test location.

4.5.2.5  The sampling time at each point shall be the same. It is recommended that the number of
minutes sampled at each point be an integer or an integer plus one-half minute, in order 1o avoid

timekeeping errors.

4.5.3 Preparation of Sampling Train

4.5.3.1 During preparation and assembly of the sampling train, keep ali openings where
contamination can occur covered until just prior to assembly or until sampling is about 10 begin. Place
100 mi of deionized water in the first impinger, place 100 mi of 0.1N NaOH in the second impinger, place
100 mi of 0.01N NaxB4Oy buffer solution in the third impinger, add a preweighed desiccant impinger as

the fourth impinger of the sample rain.

4.5.3.2  Using a tweezer or clean disposable surgical gloves, place & labeled (identified) filter in
the filter holder. Be sure that the filter is properly centered and the gasket properly placed so as to prevent
the sample gas stream from clrcumventing the filter. Check the filter for tears after assembly is

completed. Place the filter holder between last impinger and the silica gel impinge.

4.5.3.3  When glass probe liners are used, install the selected nozzle using a silicone O- ring when
stack temperatures are less than 260 °C (500 °F) or 2 heat-resistant graphite ferrule when temperatures are
higher, When metal liners are used, install the nozzle as discussed above or by a leak-free direct
mechanical connection. Mark the probe with heat resistant tape or by some other method to denote the

proper distance into the stack or duct for each sampling point.

28

ED_006086_00110264-00060




4.5.3.4  Using a tweezer or clean disposable surgical gloves, place a labeled glass fiber filter
{identified) in the filter holder to be placed in the oven. Be sure that the filter is properly centered and the
gasket properly placed 50 as to prevent the sample gas stream from circumventing the filter. The filter
support must be of non- fluoropolymer construction i.e silicone gasket glass frit. Check the filter for tears

after assembly is completed.

4.5.3.5  Atiach to the oven filter outlet a coiled condenser in horizontal position to the top of
XAD?2 trap oriented vertically on top of a knock out impinger. The connection from the coiled condenser
10 the XAD?2 trap should have a thermocouple in the gas stream to measure XAD? trap temperature or
exit of condenser. Alternatively, if necessary, tape a thermocouple to the exterior of the trap inlet and
insulate well, Cover XAD? trap to minimize light exposure. Connect submergible pump with tubing to
deliver cooling water from the ice bath to the coiled condenser and jacketed XAD2 trap. This may be
done in series with the coolest water entering the XADZ trap bottom and exiting the coiled condenser at

the inlet side.

4.5.3.6 Set up the train as shown in Figore 5-1 of BPA Method 3, using a Silicone Owring to

achieve each ground glass joint seal,
4537  Place crushed ice around the impingers.

454 Leak-Check Procedures,

4.5.4.1 Leak Check of Metering System Shown in Figure 5-1 of EPA Method 5. That portion of
the sampling train from the pump to the orifice meter should be leak-checked prior to initial use and after
each shipment. Leakage after the pump will result in less volume being recorded than is actually sampled.
The following procedure is suggested {see Figure 5-2): Close the main valve on the meter box. Insert a
one-hole rubber stopper with rubber tubing attached into the orifice exhaust pipe. Disconnect and vent the
low side of the orifice manometer, Close off the low side orifice tap, Pressurize the system to 1310 18 ¢m
{5 to 7 in.} water column by blowing into the rubber tbing. Pinch off the tubing, and ohserve the
manometer for one minute, A loss of pressure on the manometer indicates a leak in the meter box; leaks,

if present, must be corrected.

4.5.4.2  Pretest Leak Check. A pretest leak check of the sampling train is recommended, but not

required. If the pretest leak check is conducted, the following procedure should be used.

4.5.4.3  After the sampling train has been assembled, turn on and st the probe heating systems to

the desired operating temperatures. Allow time for the temperatures to stabilize. If a Viton A O-ring or
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other leak-free connection is used in assembling the probe nozzle 10 the probe liner, leak-check the train
at the sampling site by plugging the nozzle and pulling 2 380 mm {15 in) Hg vacoum. Leakage rates in
excess of 4 percent of the average sampling rate or 0.00057 m*/min (0.020 ¢fm), whichever is less, are

unacceptable,
NOTE: A lower vacuum may be used, provided that it is not exceeded during the st

4.5.4.4  The following leak-check instructions for the sampling train described in APTD- 0376
and APTD-0581 may be helpful. Start the pump with the bypass valve fully open and the coarse adjust
valve completely closed. Partially open the coarse adjust valve, and slowly close the bypass valve until
the desired vacuum is reached. Do not reverse the direction of the bypass valve, as this will cause water 1o
back up into the filter holder. If the desired vacuum is exceeded, either leak-check at this higher vacuum,

or end the leak check and start over.

4.5.4.5  When the leak check is completed, first slowly remove the plug from the inlet to the
probe and immediately turn off the vacuum pump. This prevents the water in the impingers from being
forced backward into the filter holder and the desiceant from being entrained backward into the third

impinge,

4548  Leak Checks During Sample Run. If, during the sampling run, a component {¢.g., filter
assembly or impinger) change becomes necessary, a leak check shall be conducted immediately before
the change is made. The leak check shall be done according 10 the procedure outlined in Section 4.54.3
above, except that it shall be done at a vacuum egual to or greater than the maximum value recorded up to
that point in the sample run. If the leakage rate is found o be no greater than 0.00057 m3¥/min (0.020 ¢fim)
or 4 percent of the average sampling rate (whichever is less), the results are acceptable, and no correction
will need to be applied (o the twotal volume of dry gas metered; if, however, a higher leakage rate is
obtained, either record the leakage rate and plan 1o correct the sample volume as shown in Section 12.3 of

this EPA Method 3, or void the sample run.

NOTE: Immediately after component changes, leak checks are optional. If such leak checks are

done, the procedure outlined in Section 4.5.4.3 above should be used.

4.5.4.7  Post-Sample Leak Check. A leek check of the sampling train is mandatory at the
conclusion of each sampling run. The leak check shall be performed in accordance with the procedures
outlined in Section 4.5.4.3, except that it shall be conducted at a vacuum equal to or greater than the

maximum value reached during the sampling run, If the leakage rate is found to be no greater than
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0.00037 m3/min (0.020 cfm) or 4 percent of the average sampling rate {(whichever is less), the results are
acceptable, and no correction need be applied to the total volume of dry gas metered. I, however, 2
higher leakage rate is obtained, either record the leakage rate and correct the sample volume as shown in

Section 12.3 of EPA Method §, or void the sampling run,

4.5.5 Sampling Train Operation.

During the sampling run, maintain an isokinetic sampling rate {within 10 percent of true isokinetic unless
otherwise specified by the Adminisirator) and a temperature in the sample probe of 120+ 14°C (248 £ 25
“F}, or such other temperature as specified by an applicable subpan of the standards or approved by the

Administrator. The sample filter is maintained at ambient temperature.

4.55.1 Por each run, record the data required on 2 data sheet such as the one shown in Figure 5-3
of EPA Method 3. Be sure to record the initial DGM reading. Record the DGM readings at the beginning
and end of each sampling time increment, when changes in flow rates are made, before and after cach
leak check, and when sampling 1s halted. Take other readings indicated by Figure 5-3 at least once at each
sample point during each time increment and additional readings when significant changes (20 percent
variation in velocity head readings) necessitate additional adjustments in flow rate. Level and zero the
manometer. Because the manometer fevel and zero may drift due to vibrations and temperature changes,

make periodic checks during the traverse.

4.5.5.2  Clean the portholes prior to the sample run to minimize the chance of collecting
deposited material. To begin sampling, verify that the probe heating system is up to temperature, remove
the nozzle cap, verify that the pitot tube and probe are properly positioned. Position the nozzle at the first
traverse point with the tip pointing directly into the gas stream. Immediately start the pump, and adjust the
flow 1o isokinetic conditions, Nomographs are available which aid in the rapid adjustment of the
isckinetic sampling rate without excessive computations. These nomographs are designed for use when
the Type 8 pitot tube coefficient (Cp) is (.85 £ 0.02, and the stack gas equivalent density {dry molecular
weight (Md)}] is equal to 29 £ 4. APTD-0576 details the procedure for using the nomographs. A
spreadsheet designed for EPA Method 3 calculations is the preferred means of calculating and adjusting

the isokinetic sample rate.

4.5.53  When the stack is under significant negative pressure (Le., height of impinger stem), take
care 1o close the coarse adjust valve before inserting the probe into the stack to prevent water from
backing into the filter holder. I necessary, the pump may be turned on with the coarse adjust valve

closed.
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4.5.5.4  When the probe is in position, biock off the openings around the probe and porthole to

prevent unrepresentative dilution of the gas stream.

4.5.5.5  Traverse the stack cross-section, as required by Method | or as specified by the
Administrator, being careful not to bump the probe nozzle into the stack walls when sampling near the
walls or when removing or inserting the probe through the portholes; this minimizes the chance of

extracting deposited material.

4556  During the sample ran, make periodic adjustments to keep the temperature of the sample
probe at the proper level; add more ice and, if necessary, salt to maintain g temperature of less than 20°C

{6R°F) at the desiccant impinger outlet. Also, perindically check the level and zero of the manometer.

4.5.5.7 I the pressure drop across the filter becomes too high, making isckinetic sampling
difficult to maintain, the filter may be replaced in the midst of the sample run. It 1s recommended that
another complete filter assembly be used rather than attempting to change the filter itself. Before a new
filter assembly is installed, conduct a leak check (see Section 4.5.4.3). The total APFO weight shall

include the summation of the filter assembly catches.

4558 A single train shall be used for the entire sample run, except In cases where simultansous
sampling is required in two or more separate ducis or at two or more different locations within the same
duct, or in cases where equipment failure necessitates a change of trains. In all other situations, the use of

two or more trains will be subject to the approval of the Administrator.

NOTE: When two or more trains are used, separate analyses of the front-half and (if applicable)
impinger catches from each train shall be performed, unless identical nozzle sizes were used on all trains,
in which case, the front-half catches from the individual trains may be combined {as may the impinger
catches) and one analysis of front-half catch and one analysis of impinger catch may be performed.
Consult with the Administrator for details concerning the calculation of results when two or more trains

are used.

4559  Arthe end of the sample von, close the coarse adjust valve, remove the probe and nozzle
from the stack, turn off the pump, record the final DGM meter reading, and conduct a post-sample leak
check, as outlingd in Section 4.5.4.3. Also, leak-check the pitot lines as described in EPA Method 2,

Section 8.1. The lines must pass this leak check, in order to validate the velocity head data.
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4.5.6 Calculation of Percent Isokinetic.
Caleulate percent isokinetic 1o determine whether the run was valid or another sample run should be

made. If there was difficulty in maintaining isokinetic rates because of source conditions, consult with the

Administrator for possible variance on the isokinetic rates.

4.5.7 Sample Recovery.

4.5.7.1 Proper cleanup procedure begins as soon as the probe is removed from the stack at the

end of the sampling period. Allow the probe 1o cool,

457.2  When the probe can be safely handled, wipe off all external PM near the tip of the probe
nozzle, and place a cap over it to prevent Josing or gaining PM. Do not cap off the probe tip tightly whilg
the sampling train 18 cooling down. This would create a vacoum in the filter holder, thereby drawing

water from the impingers into the filter holder.

4.5.7.3  Before moving the sample train to the cleanup site, remove the probe from the sample
train and cap the open outlet of the probe. Be careful not to lose any condensate that rmght be present.

Remove the umbilical cord from the Iast impinger, and cap the impinger.

Disconnect the oven filter assembly, coiled condenser, XAD?2 wap. If liguid is present in coiled
condensor attempt to drain into trap before disconnecting. Cap all openings as disconnecting from the

sample train. Bither ground-glass stoppers, plastic caps, rubber stoppers or Para film may be used to close

these openings.

4.5.7.4  Transfer the probe oven filter assembly, colled condenser, XAD2 trap and impinger
assemblies 1o the cleanup area. This area should be clean and protected from the wind so that the chances

of contaminating or losing the sample will be minimized.

4.8.75  Save a portion of the methanol used for cleanup as a blank. Take 200 mi of this methanol
directly from the wash bottle being used, and place it in a polyethylene sample container labeled

“methano! blank.”

4.5.7.6  Inspect the train prior to and during disassembly, and note any abnormal conditions.

Treat the samples as follows:

4.5.7.6.1 Container No. 1. Carefully remove the oven filter from the filter holder, and

place it in an identified petri dish container or other container provided by the analytical laboratory.
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Use a pair of tweezers and/or clean disposable surgical gloves 1o handle the filter, If it is necessary
to fold the filter, do so such that the PM cake is inside the fold. Using a dry Nylon bristle brush
and/or a sharp-edged blade, carefully transfer to the peiri dish any PM and/or filter fibers that
adhere to the filter holder gasket.

4.5.7.6.2 Container Wo. 2. Taking care to see that dust on the outside of the probe or other
exterior surfaces does not get into the sample, quantitatively recover PM or any condensate from
the probe nozzle, probe fitting, probe liner, and filter glassware by washing these components with
methanol and placing the wash in a polyethylene sample container. Deionized water may be used
instead of methanol at the discretion of the team leader if it is found to be a more effective recovery

solvent. In these cases, save a water blank.
Perform the sample recovery as follows:

4.5.7.6.2.1 Carefully remove the probe nozzle. Clean the inside surface by rinsing with
methanol from a wash bottle and brushing with 2 MNylon bristle brush. Brush until the
methano! rinse shows no visible particles, after which make a final rinse of the inside surface
with methanol. Dry the sample nozzle with acetone pricr o the next sample run and at the

completion of sampling at each location.

4.5.7.6.2.2 Rinse the probe liner with methanol by tilling and rotating the probe while
squirting methanol into its upper end so that all inside surfaces will be wetted with methanol.
Let the methanol drain from the Jower end into an Erlenmeyer flask fitted with a ground glass
socket attached to and compatible with the probe liner ball joint. Follow the methanol rinse
with a probe brush. Hold the probe in an inclined position, squirt methanol into the upper end
as the probe brush is being pushed with a twisting action through the probe: catching any
methanol and particulate matter that is brushed from the probe. Run the brush through the
probe three times or more until no visible PM is carried out with the methanol or until none
remains in the probe liner on visual inspection. With stainless steel or other metal probes, run
the brush through in the above prescribed manner at least six times since metal probas have
small crevices in which particulate matter can be entrapped. Rinse the brush with methanol,
and quantitatively collect these washings in the sample container. After the brushing, make a
final methano} rinse of the probe. Rinse the probe with aceione to aid drying prior to use in the

next sample run and at the end of sampling at each location,
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4.5.7.6.23 Clean the inside of the front half and back half of the oven filier holder and
comnecting glassware by rubbing the surfaces with & Nylon bristle brush if needed 1o remove
visible particulate and rinsing with methanol. Rinse each surface three times or more if needed
to remove visible particulate. Make a final rinse of the brosh (if used) and filter holder,

Carefully rinse out the back half of the filter holder also,

4.5.7.6.3 Coiled condenser. Rinse the coiled condenser three times with methano! into

Container No. 2.
45.7.6.4 XAD2 trap. Seal both ends of the XAD?2 trap and label for Iab submittal,

45765 Impinger Contents. Treat the impingers as follows: Make a notation of any color
or film in the liguid catch. Measure the liguid by the volumetric method or by the mass method,
Method 3 allows for either approach. The volumetric method includes measuring the volumes of
the XAD2 knockout impinger and the following three impingers individually with polyethylens
graduated cylinders dedicated 1o each impinger reagent type to within 1 mi. Record the volume of
liguid present. The mass method includes measuring the net change in mass of the
knockoutimpinger or the sample bottle. The mass method will be used whenever practical because
it involves less sample transfers and fewer chances for cross contamination. The volume in each
impinger is reguired to caleulate the moisture content of the effluent gas. The contents of the
knockout impinger (below XADZ trap) is transferred o a polyethylene sample container (Container
No, 3) labeled “deionized water”. The contents of the first impinger after the knockout impinger is
also transferred to the polyethylens sample container {Container No. 3} labeled “delonized water”.
Rinse the knockout and first impinger three times with methanol from a wash bottle and add the
methanol wash to Container No. 2. Transfer the contents of the second impinger after the knockout
10 a polyethylene sample container (Container No. 4) labeled “0.1N NaOH”. Rinse the impinger
three times with methano! from a wash bottle and add the methanol wash to Container No. 2.
Transfer the contents of the third impinger 1o a polyethylene sample container {Container No. 5)
labeled “0.01N Buffer Soluion”. Rinse the impinger three times with methanol from 3 wash boutle

and add the methanol wash to Container No. 2.

4.5.7.6.6 Container No, 6. Carefully remove the final filter {after last irapinger) from the
filter holder, and place it in an identified petni dish container or other container provided by the
analytical laboratory, Use a pair of tweezers and/or clean disposable surgical gloves to handle the
filter. Using a dry Nylon bristle brush and/or a sharp-edged blade, carefully transfer to the petri
dish any PM and/or filter fibers that adhere 1o the filter holder gasket. Clean the inside of the front
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half and back half of the filter holder and connecting glassware by rubbing the surfaces witha
Nylon bristle brush if needed to remove visible particulate and rinsing with methanol. Rinse each
surface three times or more if needed 1o remove visible particulate. Make a final rinse of the brush
{(if used} and filter holder. Place the methanol rinses into container No. 2. After all methano!
washings and particulate matter have been collected in the sample containers, tighten the lids on
the all sample containers so that methano! will not leak out when it is shipped to the laboratory.
Mark the height of the fluid levels to allow determination of whether leakage occurred during

transport. Label the container to identify clearly its contents.

4.5.8 Sample Transport.

Whenever possible, containers should be shipped in such a way that they remain upright at all times,

Samples to be stored and transported cooled

459 Quality Control.

CQuality Control Measure Effact
Sampling eguipmaent leak check and Engures acourate measurement of
calibration. stack gas flow rate, sample volume,

4.5.10 Calibration and Standardization.

NOTE: Maintain a laboratory log of all calibrations.

4.5.10.1 Prohe Nozzle. Probe nozzles shall be calibrated before their initial use in the field. Using
a micrometer, measure the ID of the nozzle 1o the nearest £.023 mm (0.001 in.). Make three separate
measurements using different diameters each time, and obtain the average of the measurements. The
difference between the high and low numbers shail not exceed 0.1 mm (0,004 in.). When nozzles become

nicked, dented, or corroded, they shall be reshaped, sharpened, and recalibrated before use.

4,5.10.2  Pitot Tube. Pitot tubes will be calibrated annually using the geometric criteria for design
of “8” Type pitot tubes. Pitot tubes meeting the criteria will be assigned the coefficient of (.84, Pitots
tubes not meeting the criteria will be repaired to meet criteria or discarded. Prior to each test the pitot

should be inspected for damage or misshapen openings,
4.5.10.3 Metering System.

4.5.10.3.1 Calibration Prior to Use. Before its initial use in the field, the metering system

shall be calibrated as follows: Connect the metering systerm inlet to the outlet of a wet test meter
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that is accurate to within | percent. The wet test meter should have a capacity of 30 ltersfrev {1
ft3frevy. A spirometer of 400 liters (14 fi3) or more capacity, or equivalent, may be used for this
calibration, although 2 wet test meter is usually more practical. The wet test meter should be
periodically calibrated with a spirometer or a liquid displacement meter to ensure the accuracy of
the wet test meter, Spirometers or wel test meters of other sizes may be used, provided that the
specified accuracies of the procedure are maintained. Run the metering system pump for about 158
minutes with the orifice manometer indicating a median reading as expected in field use to allow
the pump to warm up and to permit the interior surface of the wet test meter to be thoroughly
wetted, Then, at each of a minimum of three orifice manometer seftings, pass an exact quantity of
gas through the wet test meter and note the gas volume indicated by the DGM. Also note the
barometric pressure and the temperatures of the wet {est meter, the inlet of the DGM, and the outlet
of the DGM. Select the highest and lowest orifice settings to bracket the expected field operating
range of the orifice. Use a minimum volume of 0.14 m3 (3 13} at all orifice settings. Record all the
data on a form similar 1o Figure 5-5 of EPA Method 5 field and calculate Y, the DGM calibration
factor, and H®, the orifice calibration factor, at each orifice setting as shown on Figure 5-5,
Allowable tolerances for individual Y and H@ values are given in Figure 3-5. Use the average of

the Y values in the calculations in Section 4.5,

4.5.10.3.1.1 Before calibrating the metering sysiem, a leak check should be conducted. For
metering systems having diaphragm pumps, the normal leak-check procedure will not detect
leakages within the pump. For these cases the following leak- check procedure is suggested:
make a 10-minute calibration run at 0.00057 m¥min (0.020 cfm). At the end of the run, take
the difference of the measured wet test meter and DGM volumes. Divide the difference by 10

to get the leak rate, The leak rate should not excead 0.00057 m3/min (0.020 ofm).

4.5.10.3.2 Calibration After Use. After cach field use, the calibration of the metering
system shall be checked by performing three calibration runs at a single, intermediate orifice
setting (based on the previous field sampling runs), with the vacuum set at the maximum value
reached during the sample run series, To adjust the vacoum, insert a valve between the wet test
meter and the inlet of the metering system. Calculate the average value of the DGM calibration
factor, If the value has changed by more than 3 percent, recalibrate the meter over the full range of
orifice settings, as detailed in Section 4.5.10.2.1, The Alternate procedure described in EPA

Method 5 may also be used if approved by Administrator.
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4.5.10.3.3  Acceptable Variation in Calibration. If the DGM coefficient values obtained
before and sfter a sample run series differ by more than § percent, the sample run series shall either
be voided, or calculations for the sample run series shall be performed using whichever meter

coefficient value (L.e., before or after) gives the lower value of total sample volome.

4.5.10.4 Probe Heater Calibration. Use a heat source to generate air heated to selected
temperatures that approximate those expacted (0 oceur in the sources 1o be sampled. Pass this air through
the probe at a typical sample flow rate while measuring the probe inlet and outlet temperatures at various
probe heater settings. For each air temperature generated, construct a graph of probe heating system
setting versus probe outlet temperatore. The procedure outlined in APTD-0576 can also be used. Probes
constructed according to APTD- 0581 need not be calibrated if the calibration curves in APTD-0576 are

used. Also, probes with cutlet temperature monitoring capabilities do not reguire calibration.
NOTE: The probe heating system shall be calibrated before ils initial use in the field.

45105 Temperature Sensors. Use the procedure in Section 10.3 of EPA Method 2 to calibrate
in-stack temperature sensors. Dial thermometers, such as are used for the DGM and condenser outlet,

shall be calibrated against mercury-in-glass thermometers,
4.5.106 Barometer. Calibrate against a mercury barometer.

4.5.11 Analytical Procedure.

All analytical samples will be sent 1o an off-sile analytical laboratory for analysis.

4.5.12 Data Analysis and Calculations.

Carry cut calculations, refaining at least one extra significant figure beyond that of the acquired data.
Round off figures after the final calculation. Other forms of the equations may be used, provided that they

glhve equivalent results.

45,121 Nomenclature.

An = Cross-sectional area of nozele, m2 (fi2)
Bws = Water vapor in the gas stream. proporion by volume.
cAPFO = Concentration of APFQ in stack gas, dry basis, corrected o standard
conditions, Ib/dscf.
BEAPFO = Mass emission rate of APFO, Ibvhr
I = Percent of isokinetic sampling.
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mAPFO
Mw
Pbar

Ps

Psid

Tm
Ts
Tstd
Vie

Ym
Ym(std)

Yaw(std)

Vs

Qd

AH

13.6
&0
100

Total amount of APFO collected, b,

Molecular weight of water, 18.0 gfg-mole {18.0 Ib/lb-mole).
Barometric pressure at the sampling site, mm Hg {in. Hg)
Absoluie stack gas pressure, mm Hg (in, Hg).

Standard absolute pressure, 760 mm Hg (29.92 in. Hg).

Ideal gas constant, 0.06236 [{mm He) (w3 K) g-mole)] {21.85 [(in.
He SR (Ib-mole}] ],

Absolute average DGM temperature {see Figure 5-3), K ("R},
Absoluie average stack gas wemperature {(see Figure 5-3}, K °R).
Standard absolute temperature, 283 K {528 °R).

Total volome of liguid collected in impingers and silica gel (see Figure 8-
&3, ml,

Yolume of gas sample as measured by dry gas meter, dem (def.

Yolume of gas sample measured by the dry gas meter, corrected to
standard conditions, dsem {dscf).

Yolume of water vapor in the gas sample, corrected to standard
conditions, sem {scf).

Stack gas velocity, calculated by Method 2, Equation 2-7, using data
obtained from Method 8, misec (ft/sec).

Stack gas volumetric flow rate, DSCFM
Dry gas meter calibration factor.

Average presswre differential across the orifice meter {ses Figure 5-4),
mm H20 (in. H20).

Total sampling time, min.

Sampling time interval, from the final {nth) component change until the
end of the sampling run, min.

Specific gravity of mercury.
Sec/min,

Conversion (o percent.

4.5.12.2 Average Dry Gas Meter Temperature and Average Orifice Pressure Drop. See data
sheet (EPA Method 5 Figure 5-3},

45123 Dry Gas Volume. Correct the sample volume measured by the dry gas meter 1o standard

conditions (20 °C, 760 mm Hg or 68 °F, 28.92 in. Hg) by using the following equation:
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where:

Kl

4.5.12.4

where:

45125

AN A
Fa Epﬁwi%} Fror T3
TE, T,

k)

#

{0.3858 *K/mm Hg for metric units,
17.64 “Rfin. Hg for English units,

Volume of Water Vapor Condensed.

RT
o sed xKZ 3”}@

'Mw }i?&

yxs-zs:d )=

0.001333 m3/mi for metric units,
0.04706 ft3/mi for English units,

i

i

Moisture Content.

;fw{ 52}

e
Yoty +Vostsuny

NOTE: In saturated or water droplet-laden gas streams, two calculations of the moisture content of

the stack gas shall be made, one from the impinger analysis (equation above), and a second from the

assumption of saturated conditions, The lower of the two values of Bws shall be considered correct. The

procedure for determining the moisture content based upon the assumption of saturated conditions is

given in Section 4.0 of EPA Method 4. For the purposes of this method, the average stack gas temperature

from each sampling run may be used to make this determination, provided that the accuracy of the in-

stack temperature sensor is 2 1°C (2°F),

4.5.12.6

Total APFO Mass. Determine the total collected APFQ from the sum of the APFC

mass obtained from the analysis of the contents sample containers 1 through 5.
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4.5.12.7 APFO Concentration.

CAPFO = Mapra/ Vm{std)

4.5.12.8 lIsokinetic Variation.

v,y AN
}‘QQ:{: K4 E/;c m? ------- (Pw "i"‘“““‘"“)i

13.6/|

b

I+
8v. P 4,

where:

K4 0.003454 [(mm Hgy(m*)V{(mD)(°K)] for metric units,

0.002669 [(in. Hg)(f)V[(mD)(°R)] for English units.

4.5.12.9 Acceptable Results. If 90 <1< 110 %, the results are acceptable.

4.5.12.10 Stack Gas Velocity and Volumetric Flow Rate. Calculate the average stack gas velocity

and volumetric flow rate, if needed, using data obtained in this method and the equations in Sections 12.3

and 12.4 of EPA Method 2.
4.5.12.11 APFO Mass Emission Rale

EAPFO = capro x Qd x 60
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Figure 1 - Typical Glass:Cloth Process Diagram
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Figure 2 - Typical Cast Film Process Diagram
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= l.. SCOTT"MARREN, ENC PGVP Vendor ID: H12012
o

6531 Box Springs Bivd « Riverside, CA 92507-0725
Phone: +1(951)653-6780 « Fax: +1{951)853-2430 + www.scottmarrin.com

Report Of Analysis
EPA Protocol Gas Mixtures

REPORT NO: 63595-01

BARRD1
TO: Barr Engineering Co REPORT DATE: August 29, 2013
Atin: Benjamm Wiltse CUSTOMER PO NO: BAWOB112013

5150 West 76th Street
Edina, MN 55439-2900
{952) 832-2885

CYLINDER SIZE: 150A (141std cu ft)

CYLINDER NUMBER: CA03980 CYLINDER PRESSURE: 2000 psig

CONCENTRATION {viv) ANALYZER REPLICATE
COMPONENT + EPA UNCERTAINTY REFERENCE STANDARD MAKE, MODEL, S/, DETECTION ANALYSIS DATA
Carbon dioxide 4.90 +0.06 % GMIS SRM 1674b Varian Model 3400 8/19/2013
Samp# 7-14-E Serial # 10880 490 %
Cyl#: CC116770  Cyi#: CLM0O0G389 Thermal Conductivity 4.90 %
7.99+0.08 % 6.98+0.07% Gas Chromotography 4.89 %
Exp: 8/2/2019 Exp: 6/16/2012 LAST CAL DATE: 8/7/2013 X: 4.90%
Oxygen 2123+022% GMIS SRM 2659 Varian Mode! 3800 B8/26/2013
Samp#: 71-D-23  Serial # None 2122%
Cyl#: CC88824  Cyi: CAL015788 Thermal Conductivity 21.23 %
2492+ 0.25% 2072+ 0.043% Gas Chromotography 21.24 %
Exp: 2/25/2021 Exp: 1/1/2016 LAST CaL DATE: 8/7/2013 x: 2123%
Nitrogen Balance
CERTIFICATION DATE: August 19, 2013 EPA EXPIRATION DATE: August 20, 2021
ppm = ymole/mole % = moie-% X = EPA weighted mean

The above analyses were performed in accordance with Procedure G1 of the EPA Traceability Protocol, Report Number EPAB00/R-12/531, dated May 2012.
The above analyses shoujd not be used if the cylinder pressure is less than 100 psig.

APPROVED: W

M.S.Calhoun 4. T. Marrin

The onily liability of this company for gas which fails to comply with this analysis shall be replacement or reanalysis thereof by the company without extra cost.
47
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Red Ball Technical Gas Service
555 Cralg Kennedy Way
Shreveport, LA 71107

S . S 800-551-8150
Accraditation #62754 PGVR Vondor ID # 612017
EPAPROTOCOL GAS CERTIFICATE OF ANALYSIS
Cylinder Number: CBO0B9614 Certification Date: 08/14/2017
Product ID Humber: 126786 Explration Date: (08/12/2025
Cylinder Pregsure: 1900 PSIG RFG Facility: - Shraveport - LA
COA# EB0099614.20170726-0 Lot Numbar: EB0009814.20170726
Customer PO, NO.: Tracking Number: B1808036
Customer: Previous Certification Dates:

This calipration standard has been certified per the May 2012 EPA Traceability Protocol, Document EPA-GOO/R-12/531,
i using procedure G1.

r Do Kot Use This Cylinder Below 180 paig (0.7 Megapascal). ]
Certified Concentration{s}
Componer Concentration Uncertainty Analytical Principle Assayed On
Carbon Dioxide 8.5% #0.10% NDIR 08/14/2047
Oxygen 9.46 % +0.05 % MPA 0B/0G/2017
Nitrogen Balance

Analytical Measurament Data Available Onling,
Referance Standard{s)

Serial Number Lot Expiration Type Balance Comp [ ration Uncertainty{%} WIST Refarence
EBO0B0740 EBCOS0740.201 70208 08/05/2025 eI Nz 02 24 % 0.502 471001
3G316836 5G-8316836 058/08(2022 NTRM Né 02 18.88 % 0.7 104001

Analytical Instrumentation SHMART-CERY
Componant Principie Hake Moual Sarial WL Date
02 pAPA Thermn 410i 1182580025 08/08/2017
co2 HDIR Thermp 4101 1162080025 08/14{2017

This is to certify the gases referenced have been calibrateditesied, and verified i meet the defined specifications. This

calibration/test was performed using Gases or Scales that are fraceable through National institute of Standards and e S
Technology (NIST} to the International System of Units {81). The basis of compliance stated is a comparison of the /,sz_%
measurement parameters to the specified or required calibrationfiesiing process. The expanded unceriainiies use a coverage f
factor of k=2 to approximate the 95% confidence level of the measurement, unless otherwise noted, This calibration certificate Brandon Theus
applies only fo the item described and shall not be reproduced other than in full, without written approval from Red Ball Analytical Chemist
Techricat Gas Services. ¥ not included, the uncertainty of calibrations are available upon request and were faken into account Assay Laboratory: Fed Ball TGS
when determining pass or fail. 48 Version 02-G, Revised on 2017.08-28
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Azsay Laborstory: Red Ball TGS
555 Cralg Kennedy Way

REDZ BALL

e e e Shreveport, LA 71107
EOHNICAL CAS SERVICES
TEGHMIGAL GA 'sv JF VIDES B00-554-8150
(Zero Ambient Nitrogen)
Cylindar Numbar: Cartification Data: Gy
Progduct 1 Number: Expiration Dute: GeIz5i208%
Cylindar Prossurs: ORI RSIG MEG Fagllity: RETGE-Ehraveportda
COA# EROORE R I D Lot Humbar: ERONCATY BH ey
Customar PO NG Tracking Number: BIG0RE2
Gustomen Pravicus Certification Dudss:
This mixturs is for [akoratory use onty, not for drug. b hold or sther use,
Thiz mixuare iy cortified In Mode %10 ba within £3% of the sstual number repocted with s confidence of 38%.
This mi way manufactured by scale; walphis & blg 1o BLE.T, Cortificata #B22/288028-03,
Do Mot Use This Sylinder Below 100 nelg (0.7 Mag 33
Compasing Material: Zoro Ambilont Nitrogen, Cert,, S2152 )
Gomponent Specification Congendration
Kitrogen Balancs Balance
Oxygen a3 impurity <5 PPM <1.0 PPM
Carbon Dioxide as mpurity <35 PP «{.5 PPM
Carbon Monoxide as Impurity “3.5 PPM 0.5 PPM
Teotal Oxides of Nitrogen g3 impurity <0,1 BPM (3.1 PR
Bulfur Dioxide as Impurity <31 PRPM (1.7 PPM
Totsl Hydrocarbons as Impurity (.1 PPH «0.1 PPM
PO 4

Red Ball Technical Gas Service
POVE Vendor 104 612017

A,

inforration and Ordering Arghony Lyr
BH0-551-8150 Sasmiion mk Fsiing Angiytical-Chemist
Fax {348-425-5508) .. Aecreditation #5754
Vaorsion (3-8, Resosed on 20150529
—
. 48
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Appendix A-6
ORD Report #1
April 4, 2018
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April 4, 2018

Mr. Clark Fricse, Assistant Commissioner

New Hampshire Department of Environmental Services (NI DES)
29 Hazen Drive

P.O. Box 95

Concord, New Hampshire 03301

Dear Mr. Friese:

I am pleased to provide you with this initial laboratory report of perfluorocarboxylaic (PFCA)
concentrations in solid samples (char and soil). This report is in response to your request of June
22,2017 asking for laboratory assistance analyzing per- and polytluoroalkyl substances (PFAS)
in environmental samples. PFCAs are a subset of PFAS. This report relates to solid matrix
samples sent to our Athens Lab that included three tower char and another three soil samples.
We understand that these samples were collected by New Hampshire Department of
Environmental Services (NH DES), on August 23, 2017 and September 8, 2017, respectively.
These samples were received at our Athens Lab by Dr. John Washington who was also
responsible for their lab processing.

it is our understanding that this information was requested by NH DES to help in their ongoing
investigation into the presence of PFAS in the environment near manufacturing facilities of
interest. This request relates 1o our research capabilities and interests applying targeted and non-
targeted analysis methods for discovery of the nature and extent of PFAS environmental
occurrence associated with indusirial releases. The current report 1s Himited 1o targeted results
only. Our non-targeted work requires considerable post-processing manual effort and therefore
will lag the targeted results.

EPA continues to develop analytical methods {or many PFAS compounds in various media
including some of those included in this report. The data enclosed provides information related
to the concentration of certain PFAS in the media sampled. In this report we do not interpret
exposure or risk from these values. EPA does not currently have health based standards, toxicity
factors or associated risk levels for PFAS, other than perfluoroctanoic acid (PFOA).
perfluorcocatane sulfonate (PFOS), and perfluorohutancsulfonic acid (PFBS). Therciore. while
the data presented indicate the presence of PFCA.L no conclusions can be made related to human
or environmental exposure and risk.

Thank you for inviting us to be part of this effort that helps to further both EPA’s and New

Hampshire's understanding of an important issue in the state. This is just one of many Agency
efforts that demonstrate EPA™s commitment to cooperative federalism.
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April 4. 2017

The results presented i the attachment represent the work of many within ORD’s National
Exposure Research Laboratory. Gur technical experts include Drs. John Washington, Mark
Strynar, Andy Lindstrom, Seth Newton. Thomas Jenkins, and James McCord. Our Quality
Assurance team includes Sania Tong-Argao and Brittany Stuart, Management support and
coordination has been provided by Drs, Timothy Buckley. Myriam Medina-Vera. Jack Jones,
Adam Biales, and Brian Schumacher.

If you have anv gquestions or concerns, do not hesitate to contact me at {919) 541-2106 or via

Puckiey tinothveepagny, Hook forward to our continued work together.

Sincerely,

Timothy H. Watkins
Director

Attachment

cc: Meghan Cassidy, USEPA. Region 1
Deb Szaro, USEPA, Region |
Jeff Morris, USEPA OPPT
Betsy Behl. USEPA, OW
Peter Grevau, USEPA, OW
Andy Gillespie, USEPA, ORD
Timothy Buckley, USEPA, ORD
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Summary of Methods and Results

April 4, 2017

MNew Hampshire Department of Environmental Services (NH DES), in coordination with Region
1, requested ORDY's technical support in analyzing PFAS in environmental samples potentially
impacted by industrial sites within the state. NH DES assumed responsibility for the collection of
samples and their shipment to our laboratories. ORD was responsible for sampie extraction and
analysis of PFAS. We are providing the results of our analysis as they become available. This is
our first report.

The current report includes resulis for char (n=3) and soil (n=3) samples that were sent to and
analyzed under the direction of Dr. John Washington within our Athens Lab. Samples were
collected in containers provided by NH DES and shipped to EPA. Thirteen PFCA analytes
{Table 1) were analyzed using methods described within an approved Quality Assurance Project
Plan (QAPP)! and that have been generally described in Rankin et al., 2015.% In brief, each
sample was divided into three ~1 g aliquots and extracted and analyred in triplicate. Extracts
were analyzed by liquid chromatography / mass spectrometry {Waters Acquity UPLC coupled to
a Waters Quattro Premier XE tandem) and quantified using mass-labeled internal standards.
These analyses were performed on samples, process blanks, and check standards using internal-
calibration curves for quantitation. The mean value of the triplicate analysis 15 reported. Reported
results are based on the identification and quantification of analytes using certified standards
(i.e., targeted analysis).

Some of the sample extract required dilution so that concentrations were within the acceptable
range of the calibration curve. The reported results have been adjusted for each dilution factor
and flagged accordingly in Table 2.

Table 1. Summary of Reported Perflusrocarboxylates

PFCA.__| Compound Name Acronym | CAS Number
C4 Perfluorobutanoic acid PFBA 375-22-4
C35 Perfluoropentancic acid PFPeA 2706-90-3
6 Perfluorohexanoic acid PFHxA 307-24-4
C7 Perfluoroheptanoic acid PFHpA 375-85-9
C8 Perfluorooctanoic acid PFOA 335-67-1
C9 Perfluorononancic acid PFNA 375-85-1
C10 Perfluorodecanoic acid PFDA 335.76-2
1l Perfluoroundecanoic acid PFUnDA | 2053-94-8
C12 Perfluorododecanoic acid PFDODA | 307-35-1
C13 Perfluorotridecanoic acid PFTDA | 72629-94-§8

! Strynar, M.; Washington, J.; Lindstrom, A.; Henderson, W. 2017, Quality Assurance Project Plan: Non-Targeted
Analyses of Per- and Polyfluercaikyl Substances (PFAS) for New Hampshire Departiment of Environmental

Services (NHDES). D-EMMD-PHCB-015-QAPP-0G1.

% K. Rankin, $. A. Mabury, T. M. Jenkins, J. W, Washington, A North American and global survey of
perfluorealky] substances in surface soils: Distribution patterns and mode of occurrence. Chemosphere 161, 333-34]

(2013).
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Ci4 Perfluoroteradecanoic acid PFTeDA | 376-06-7
Ci6 Perfluorchexadecanoic acid PFHxDA | 67905-19-5
CIg Perfluorooctadecanoic acid PFOcDA | 16517-11-6

Targeted results are provided in Table 2 below for 13 perfluorocarboxylates that range from C4
through C18. Results are reported in mass of PFAS per unit mass of dry solid. Please note that
the units are reported in pg/g for char samples and pg/g for soil samples. Precision of our
measurements was estimated by the relative standard deviation (RSD) of triplicate
extractions/analyses. For char across all of the compounds, the median RSD was 12.9% and
ranged from 1.6% to 48.8%. Similarly for soils, the median RSD was 19.2% and ranged from 1.2
10 51.6%. The values reported for target analytes all exceeded levels detected in process blanks
(p=0.05) and were corrected for any low detections in process blanks, No field blanks were
provided or analyzed; however, quality control check standards were analyzed at varying
concentrations throughout the analysis to ensure that measurements at varying points of the
calibration range were within quality control specifications. Recovery of these standards ranged
from 79.3% to 118% which was within our + 30% criteria for acceptability.

As was expected, the measured perfluorocarboxylates tended to occur at higher concentrations in
the char samples than the 501l with char results ranging from <LOD (limit of detection) to 1430
uglg. Soil results were in the pg/g range and varied from <LOD 1o 7420 pg/g. Among the char,
PFCA concentrations were consistently higher at “QX Tower” followed by the “MS Tower,” and
lowest for the “MA Tower.” Similarly for soil, PFCA concentrations generally trended
“EPAORDS1T” > “EPAORDS2” > “EPAORDS3.” Across both matrices, the highest
concentration was consistently ohserved for C8 (PFOA).

Table 2. Concentration of Perfluorocarboxylates Measured in New Hampshire Samples

 PFCA | SampleID | Matrix | Come. |Unit| Flag(s)*
C4 MS Tower | Char 313 | pgle D2
C3 MS Tower | Char 441 |ugls D2
C6 MS Tower | Char 15.1 | pg/g D2
C7 MS Tower | Char 7.60 | uglg 2
C8g MS Tower | Char 439 ng/e D3
9 MS Tower | Char 425 uglg D2
Cio MS Tower | Char 9.44 | ug/g b2
Cll MS Tower | Char 455 |ugs D2
Ciz MS Tower | Char 912 upfg D2
13 MS Tower | Char 5.07 | ugle D2
Ci4 | MSTower | Char 108 | up/e D2
16 MS Tower | Char 795 e D2
Cli3 M5 Tower Char — pgle | D2, <1.OD
C4 QX Tower | Char 201 ugls D2
Cs QX Tower | Char 41.7 | ugls D2
Cé QX Tower | Char 122 ug/g 2
C7 QX Tower | Char 71.3 g/ D2
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 PFCA | SamplelD | Mawix | Cone. | Unit|  Flag(s)*

8 OX Tower | Char 1430 | ug/s D3

Co QX Tower | Char 362 | pele D2
C10 QX Tower | Char 748 | ugle D2
Cli QX Tower | Char 52.2 | uglg D2
Ci2 QX Tower | Char 87.5 | ug/g 2
C13 X Tower | Char 62.9 | ugle D2
Cl4 QX Tower | Char 79.3 ug/g D2
C16 QX Tower | Char 284 ugle D2, <LOQ
C18 QX Tower | Char 304 |upg/e !l D2,<LOQ
C4 MA Tower | Char - ug/g | D2, <LOD
C5 MA Tower | Char - ugig | 122, <LOD
Cé MA Tower | Char 0212 ugle | D2 <LOQ
C7 MA Tower | Char - uglg | D2, <LOD
8 MA Tower | Char 2.55 ugleg | D2, <LOQ
C9 MA Tower | Char - uglg i D2, <LOD
Ci0 MA Tower | Char - pg/g | D2, <LOD
Cl1 MA Tower | Char - ug/e | D2, <LOD
C12 MA Tower | Char 0100 | ug/p | D2,<LOQ
C13 MA Tower | Char 0.095 ugle | D2, <LOQ
Ci4 | MA Tower | Char 0.193 ug/e B2
C16 MA Tower | Char 0423 | uglg D2
18 MA Tower | Char 0.357 |ugle | D2, <LOQG
C4 EPAQRDS! | Soil 194 pgly Uh

C3 EPAORDSI | Soil 389  Ipge | UD,<LOQ
C6 EPAORDS1 | Soil 1270 | palg D

C7 {EPACRDS! ! Seil 615 | pa/s UD

{8 | EPAORDS1 | Soil 7420 ipple i D1, <LOQ
9 | EPAORDSL | Soil 240 pe/s Ub
C1¢ | EPAORDSI | Soil 238 pg/e | UD, <LOG
C11 | EPAORDS1 | Seil 90.0 |pgfe ! UD,<LOQ
C12 | EPAORDSI | Seil - pg/g | UD, <LOD
C13 | EPAORDSI | Soil - pe/e | UD, <LOD
C14 | EPACRDS! | Sail -- pe/g | UD, <LOD
Cl6 | EPAORDS! | Sail m pe/e | UD, <LOD
C18 | EPAORDS! | Sail - pelg | UD, <LOD
C4 EPAQORDS2 | Soil - pgfe | UD, <LOD
C5 | EPAORDS2| Soil - pg/g | UD, <LOD
C6 | EPAORDS2 | Soil 175 og/g | UD, <LOQ
C7 |EPAORDS2! Soil 540 | pg/g UD

C8 | EPAORDSZ | Soil 6950 | pg/s UD

C9 | EPAORDS2 | Soil - pg/g | UD,<LOD
Cl10 | EPAORDS2 | Soil 343 | pg/g i UD, <LOG

April 4, 2017
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 PFCA | SampleID | Matrix | Cone. | Unit| Flag(s)*
C11 | EPAORDS2 | Soil - pe/g | UD, <LOD
Ci12 | EPAORDS2 | Soil - pg/g | UD, <LOD
C13 | EPAORDS2 | Soil e pg/g | UD, <LOD
Cl4 | EPAORDS2| Soil - pe/g | UD, <LOD
Cl6 | EPADRDS2 | Soil - pg/g | UD, <LOD
C18 | EPAORDS2 | Soil - pe/g | UD, <LOD
C4 | EPAORDS3 | Soil -~ ipgle| UD,<LOD
€5 | EPAORDS3 | Soil 189 | pg/e | UD,<LOQ
C6 | EPAORDS3 | Soil 56.1 |pg/eg | UD, <LOQ
C7 | EPAORDS3 | Soil 165 | pg/g | UD, <LOQ
C8 | EPAORDS3 | Soil 1140 | pg/s UD
C9 | EPAORDS3| Soil 214 | pwe| UD,<LOQ
C10 | EPAORDS3 | Soi 194 | pg/g | UD,<LOQ
C1i | FPAORDS3 | Soit 570 | pg/e| UD,<LOQ
C12 | EPAQRDS3 | Seil - pg/o | UD,<LOD
C13 | FPAORDS3I | Soil -~ |pg/e | UD,<LOD
C14 | EPAORDS3 | Soil - pe/g | UD,<LOD
C16 | EPAORDS3 | Soil ~  |pg/g | UD.<LOD
C18 | EPAORDS3 | Soil - pefe | UD, <LOD

¥ Flags defined:

UD = pndiluted

D1 = 10-fold dilution
D2 = 10%fold dilution

<L.OD = Less than limit of detection (defined by p<0.05)

April 4, 2017
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URITED STATES ENVIRDHMENTAL PROTECTION AGERCY

f

July 24,2018

Mr. Clark Freisc, Assistant Commissioner

New Hampshire Department of Environmental Services
29 tlazen Drive

PO Box 95

Concord, New Hampshire 03301

Dr. Mr. Freise,

Fam pleased to provide you with the attached report which presents additional results of analyses of
per — and polyfluoroalky! substances (PFAS) concentrations in char and soil samples collected by
the New Hampshire Department of Environmenial Services (NH DES) staff. This report provides
results of non-targeted analyses of the same three soil and three char samples that were previously
analyzed for C4-C18 ~legacy™ pertluorocarboxylates using targeted methods and delivered to the
NH DES inour April 4, 2018 report. The current report is significant in identifying the presence of
two PFAS scries that to our knowledge has not been previously reported as an environmental
contaminant.

It is our understanding that this information was requested by the NH DES to help in their ongoing
investigation into the presence of PFAS in the environment near manufacturing facilitics of interest.
This request relates to our research capabilities and interests applying targeted and non-targeted
analysis methods for discovery of the nature and extent of PFAS environmental occurrence.

The U.S. Environmental Protection Agency vontinues to develop analytical methods for many PFAS
compounds in various media including somc of those included in this report. The data enclosed
provides information related to the concentration of certain PFAS in the media sampled. In this
report we do not interpret exposure or risk from these values. The EPA docs not currently have
health bascd standards. toxicity factors or associated risk levels for PFAS, other than
perfluoroctanoic acid (PFOA), perfluoroocatane sulfonate (PFOS). and perfluorobutanesulfonic acid
(PFBS). Therefore, while the data presented indicate the presence of two novel PFAS series, no
conclusions can be made related to human or environmental exposure and risk.

Thank you for inviting us to be part of this effort that helps to further both the EPA’s and New
Hampshire's understanding of an important issue in the state. Providing this type of support to the
NH DES aligns well with our rescarch capabilities and interests in applying targeted and non-
targeted analysis methods. It also demonstrates our commitment to, and the relevance of our research
in support of. cooperative federalism to address pressing environmental health concerns of New
Hampshirc residents.
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I you havg any questions or concerns, do not hesitale to contact me at (919) 3412106 or via email
at w Limrgepa.eey or Tim Buckley at (919) 541-2454 or vin email at
At viecepinaes - [ ook forward to our continued work together.

Singerely

1mothy i ‘Watkins
Director

Attachment

ce: Meghan Cassidy, USEPA, Region |
Deb Szaro, USEPA, Region |
leff Morris. USEPA OPPY
Betsy Behl, USEPA, OW
Peter Grevatt, USEPA. OW
Andy Gillespie, USEPA, ORD
Timothy Buckley, USEPA, ORD
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Technical Report #2: ORD Technical Support to New Hampshire: Non-Targeted PFAS
Measurements in Char and Sail

Date: July 24, 2018
Report Team

e Laboratory Chemists: Drs. John Washington, Mark Strynar, Andy Lindstrom, Seth
MNewton, Thomas Jenkins, and James McCord

¢ (Juality Assurance Review: Sania Tong-Argac and Brittany Stuart

e Management Coordination and Review: Drs. Myriam Medina-Vera, Jack Jones,
Adam Biales, and Brian Schumacher

¢ Report Preparation: Dr. Tim Buckley

Summary of Methods and Results

MNew Hampshire Department of Environmental Services (NH DES), in coordination with Region
1, requested ORDYs technical support in analyzing PFAS in environmental samples potentially
impacted by industrial sites within the state. NH DES assumed responsibility for the collection of
samples and their shipment to our laboratories. ORD was responsible for sample extraction and
analysis. We are providing the results of our analysis as they become available. Our first report
dated April 4, 2018 provided targeted analysis results for C4-C18 “legacy™ perfluorocarboxylates
in 3 soil and 3 char samples.

This is our second report and it includes non-targeted analysis results conducted by Dr. John
Washingion of the same soil and char samples previously reported (Report No. 1). The non-
targeted analysis differs from the targeted in that chemical identification and quantification does
not have the benefit of being based on a known standard. Accordingly, there is more uncerfainty
both in terms of identification and concentration estimation.

The PFAS reported here were identified and quantified using non-targeted analysis methods
described within an approved Quality Assurance Project Plan (QAPP).. These methods are also
generally described in Rankin et al,, 2015.% In brief, each sample was divided into three ~1 g
aliquots and extracted and analyzed in triplicate. Extracts were analyzed by liquid
chromatography / mass spectrometry using a Walters Acquity UPLC coupled to a Waters Xevo
(G2-X8 QTOF for non-targeted identification followed by a Waters Acquity UPLC coupledtoa
Waters Quattro Premier XE tandem for quantitation. The non-targeted PFAS are identified based
on a combination of high-resolution mass spectral data along with patterns of fragmentation.
Without the benefit of a standard, we quantify based on the fully fluoninated homologue for
which we do have a standard. In effect, our quantification of the non-targeted analyte, in this

! Sirynar, M.; Washington, 1.; Lindstrom, A.; Henderson, W, 2017, Quality Assurance Project Plan: Non-Targeted
Analyses of Per- and Polyfluoroalky! Substances (PFAS) for New Hampshire Department of Environmental
Services (NHIDES), D-EMMD-PHCB-01 3-QAPP-0].

Ik, Rankin, 5. A. Mabury, T. M. Jenkins, J. W. Washingion, A North American and global survey of
perfluoroalky! substances in surface Soil; Distribution patterns and mode of occurrence, Chemosphere 161, 333-341
(2013}
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case the hydrogenated carboxylic acid, assumes that the mass specirometer responds to the fully
fluorinated species as it does the hydrogenated, 1.e. yielding identical chromatographic peak
areas. A calibration curve is used for quantification, however, the curve is developed for
chemicals for which we have a standard and that are similar to our non-targeted analyte. In most
cases, the standard is the fully fluorinated version of the PFAS we are quantifying as noted in
Table 3. Our experience with these chemicals has shown that this means of estimation often is
within an order of magnitude uncertainty, Some of the sample extracts required dilution so that
concentrations were within the acceptable range of the calibration curve. The reported results
have been adjusted for each dilution factor and flagged accordingly. These analyses were
performed on samples and process blanks using internal-calibration curves for quantitation. The
mean value of the triplicate analysis is reported.

Measurement precision was estimated by the relative standard deviation (RSD) from triplicate
analysis of each sample. For char samples, the median RSD across all of the compounds was
4.4% and ranged from 0.7% 10 31%. We observed greater variability in soil where
concentrations were much lower. The median RSD for soil was 66% and ranged from 8.4% to
170%. Field blanks were not provided so limits of detection (LOD) and quantification (LOGQ)
were determined from process blanks at p<0.05 and p=<0.001, respectively, Reported
concentrations were corrected for any low detections in process blanks.

The non-targeted analysis identified two PFAS series not previcusly reported to our knowledge
as an environmental contaminant. The first 15 2 PFAS carboxyvlic acid series that ranges from C6
to C20 where there is a single hydrogen substitution for fluorine. Ovr identification of the
chemicals in this series is provided in Table 1. We are confident in chemical identities based on
mass-spectral data including high resolution mass and fragmentation data. However, at present
we cannot determine the exact location of the hydrogen substitution, and therefore we have not
specified a CAS number. The generic hydrogenated polyfluorinated carboxylic acid (HPFCA)
structure is given in Figure 1 with the hydrogen arbitrarily placed in the terminal position.

o sy

O

il
—X
FWF,

OH

-0

Figure 1. Generic structure of
hydrogenated polyfiucrinated
carboxylic acid (HPFCA). At present,
the exact position of the hydrogen is
undetermined.
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Table 1. PFAS Single Hydrogen Substituted Carboxylic Acid Series Identified
Using Non-Targeted Analyses that are the Subject of this Report,

Carben Amnion

Mo, Compound Name Acronym Formula
HCe6 Hydro-polyfluorohexanoic acid HPFHxA HCF 1002
HC7 Hydro-nolvfluorcheptanoic acid HPFHpA HCAF O,
HCE8 Hydro-pelyflucrooctanoic acid HPFOA HCsF 140y
HCS Hydro-polyfluorononanoic acid HPFNA HCoF 1602
HCI10 Hydro-polyfluorodecanoic acid HPFDA HCi0F 1302
HC11 Hydro-polyfluoroundecanoic acid HPFUA HC 11 FxOs
HC12 Hydro-polyfluorododecanocic acid HPFDoA HC 1 FnDn
HCI3 Hydro-polyfluorotridecanoic acid HPFTrA HC3Fau(h
HC14 Hydro-polyfluorotetradecanoic acid HPFTeA HC4F(n
HC13 Hydro-polvflucropentadecancic acid HPFPDA HC5F2.(0n
HC16 Hydro-polyfluorohexadecanoic acid HPFHxDA HC16F (0
HC17 Hydro-pelyfluoroheptadecanoic acid HPFHpDA HC7F202
HC1g Hydro-polyvfluorooctadecanoic acid HPFODA HC15F340;
HC1S Hydro-polyfluorononadecancic acid HPENDA HC iV
HC20 Hydro-polyfluorocicosanoic acid HPFIA HCo0F 3302

The second series discovered is a polyfluorinated sulfonic acid series, again with a single
hydrogen substitution (Table 2). The generic hydrogenated polyfluorinated solfonic acid
(HPFSA) structure is given in Figure 2 with the hydrogen arbitrarily placed in the terminal

position.

9

HFW
N
T
- F

n

O
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O

Figure 2. The generic structure of
hydrogenated polyfluorinated
sulfonic acid {HPFSA), At present,
the exact position of the hydrogen is
undetermined.
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Table 2. PFAS Single Hydrogen Substituted Sulfonic Acid Series
Identified Using Non-Targeted Analyses that are the Subject of this
Report,

Carbon Anion

Mo. Compound Name Acrenym | Formula
HSC4 Hydro-polyfluorobutanesulfonate HPFBS HCaFeS0s
HSCS Hydro-polyfluoropentanesulfonate HPFPS HCsF 1080,
HSC6 Hydro-polyfluorohexanesulfonate HPFHxS | HCsF 12803
HSC7 Hydro-polyfluorcheptanesnifonate HPFHpS | HGF1S80s
HSCE Hydro-polyfluorooctanesulfonate HPFOS HCsF 16303
H5C9 Hydro-polyfluorononanesulfonate HPEFNS HCoF 1380
HSC10 Hydro-polyfluoredecanesulfonate HPFDS HC0F2050s
HSC11 Hydro-polvfluoroundecanesulfonate HPFUS HC1 1 Fpp80;
HSC12 Hydro-polyfluorododecancsulfonate HPFDoS | HC13FaS0s
HSC13 Hydro-polvfluorotridecanesulfonate HPFTtS HC13F 26503
HS(14 Hydro-polyfluorotetradecanesulfonate | HPFTeS | HC1aFp80;
HEC135 Hydro-polyfluoropentadecanesulfonate | HPFPDS | HC15F30503
HSC16 Hydro-polyvfluorchexadecanesulfonate | HPFHxDS | HCisF 6805
H5C17 Hydro-polviluoroheptadecanesulfonate | HPFHpDS | HC7F1450;
HSC18 Hydro-polvfluorooctadecanesulfonate | HPFODS 1 HC15F3680,

July 24, 2018

As was observed for perfluorocarboxylates in our first report, the hydrogen substituted analogues
tended to occur at higher concentrations in char relative to soil samples. The stack char
concentrations of HPFCA ranged from <LOD (limit of detection) to 140 ug/g (HC10). (Note, the
upper range is uncertain because some values are only specified as exceeding the calibration
range.} Among the char samples, “NHCharMA” levels generally exceeding levels observed for
char from “MS” or “QX” stack samples.

Soil concentrations were orders of magnitude lower than char samples. As a result, we report soil
tevels in pg/g instead of pg/g. The observed variation ranges from <L.OD to 1537 pg/g. As was
observed for PFCA m our first report, concentrations of the hydrogenated substituted PFCA
tended to be much higher in soil sample “S1” relative to “827 or “83.” Having identified these
novel PFAS in char and soil, we will also be looking for these same novel PFAS in water and air
samples to be included in later reports.

At this time we provide concentration estimates for only HPFCA because we observed higher
concentrations of the HPFCA series relative to HPFSA., Based on a comparison of peak areas
between the carbon eguivalents in the two series, HPFCA levels in char exceeded HPFSA by a
factor of 2 to 50 except for C6 and C8 where HPFSA was greater by a factor of 10 and 1.2,
respectively (results not provided), We would not expect to find HPFSA in soil at appreciable

4
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levels because char PFAS concentrations generally exceed soil, and levels of HPFSA were
generally low in char, As mentioned above, the concentrations reporied below in Table 3 are
considered semi-quantitative, likely within an order of magnitude of the actual value.

Table 3. Concentration Estimates of Single Hydrogen Substituted PFAS
Carboxylic Acids from Nop-Targeted Analysis.

Carbon Np,* Sample ID Matrix | Cone. Unit Flap{s)**
HCE NHCharMS Char 2.98 ug/g D
HC7 NHCharM$s Char .631 ugle Dl
HC3 NHCharMS Char 4.79 ug/g D
HCS MHCharMS Char 10.6 ug/g D
HCIG WHCharMS Char 9.32 ug/g D
HC MNHCharMS Char 2.64 ug/e ]
HC12 NHCharMS Char 7.95 ug/p D1
FC1L3 MNHCharM5S Char 2.99 pelp 8]}
H( 14 NHCharM$ Char 10.8 pgls Dl
HCiSasCl4 NHCharM$ Char 5.75 g/ 01
HC16 NHCharMS Char 16.1 ug/e D1
HCI7asCl6 NHCharMS Char 402 ug'n 3]
HCIg NHCharMS Char 6.30 ng/g |3}
HC19asCi8 | NHCharMS$ Char | 124 luglg | DL <LOQ
HC20 a5 C20 MHChar®MS Char 0392 | ugle D1<LOQ
HC6 NHChar(Qx Char - ugg D, <100
HC7 MHCharQX Char 0.142 ngle D1, <LOQ
HC8 NHChar(QX Char - ug/e D, <LOD
HCY NHCharQX Char 1.7} uple DI, <LO0Q
HCI0 NHCharQX Char - ngs DI, <LOD
HCI NHCharQX Char 0,620 | ua/s 1
HCi2 NHCharQX Char - wely D1, <LOD
HCI13 NHChar(QX Char 0.547 | ug/g D, <LOG
HC14 MHChar(X Char 0.592 | uglg D1, <LO0O
HC15asCl4 NHChar(QX Char 0.885 ug/y D1
HCl6 MNHChar(Qx Char 0.379 | ugle D1, <LOQ
HC17as Cl6 NHCharQX Char 1 0.220 | pg/g D1, <L0Q
HC18 NHCharQX Char $.213 Wg/E D1, El
HC19as C18 MNHCharQX Char - nE's D, <LOD
HC20 a5 C18 MHCharQX Char - /e D1, <LOD
HC6 MHCharMA Char 36.4 pg/s Dl
HC? MNHCharMA Char .66 [ D
HCE MNHCharMA Char 67.7 /g D1
HCY NHCharMA Char 10] Hele D
HCIO NHCharMA Char 140 ug/e D
HCIH MNHCharMA Char 26.6 ugg D
HCI12 NHCharMA Char » 433 1 ugle D1, E2
H{C13 NHCharMA Char 22.5 ugly 3]}
HC14 MNHCharMA Char >433 | ugls D1, E2
HC15 NHCharMA, Char | 429 | ug/e | DI

5
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Table 3. Concentration Estimaies of Single Hydrogen Substituted PFAS
Carboxvlic Acids from Non-Targeted Analysis.

Carbon Ne.* Sample [D Matriz | Conc. | Unit Flag(s)**
HC16 NHCharMA Char =218 | pole D1, B2
HC17 NHCharMA Char 317 1g/e D1
HC18 NHCharMA Char >21.8 | ugle D1, E2
HC19 NHCharMA Char | 137 | ugg | DI
HC20 NHCharMA Char 3356 | up/g Dl <LOG
HC6 NHEPADRD-S1 | Soil | 50.9 e/g | UD, <LOG
HCT NHEPACRD-S1 | Soil  |3.11  |pg/e | UD,<LOO
HCS NHEPAORD-81 Soil 50.9 pg/e up
HCS NHEPAORD-8! Sail 113 pele uD, <LOO
HC10 NHEPAORD-S1 | Soil 122 pg/s | UD
HCL WHEPAQORD-51 Soil 28.3 nE/g UD
HC12 NHEPAORD-SI | Soil | 104 pele | UD
ac13 NHEPAORD-S1 | Soil | 23.8 | pwe | UD
HC14 NHEPAQRD-S1 Soil 157 pe/g Uup
HClSas Cl4 NHEPAQORD-81 Soil 339 pg/g Ui
HC16 NHEPAORI-S1 Soil 142 Be/e UD
HC17asCl6 MNHEPAORD-S1 Soil 8.935 pe/e UD, <LOO
HCIR NHEPAORD-S1 | Soil 136 | pg/a | UD, <LOO
HCI19as Ci8 | NHEPAORD-S1 | S0il | - pg/z | UD, <LOD
H20asC18 NHEPAQRD-51 Soil - pg/e UD, <LOD
HCS NHEPAORD-S2 | Soil | - e/e | UD, <LOD
HC7 NHEPAORD-82 Soil -~ Be/g UD, <LOD
HCE NHEPAORD-82 | Soil | — peje | UD, <LOD
HCS NHEPAORD-S2 Soil - 1 pefs UDy, <LOD
HC1G NHEPAQORD-52 Soil - pg/g UD, <LOD
HCI11 NHEPAQRD-S2 Sail - pe/s UD, <LCD
HCi2 NHEPAORD-S2 Soil o po/s D, <LOD
HC13 NHEPAORD-52 Soil -= pEE UD, <LOD
HC14 NHEPAORD-52 Soil -= pelE U, <LOB
HC15 a5 Cl4 NHEPAQRD-82 Soil -~ pajg UnD, <LOD
HC16 NHEPAORD-S2 Seil -~ pe/i LD, <LOD
HC17a5C16 NHEPAORD-82 Soil - p/e UD, <LOD
HCIS NHEPAORD-S2 | Soil | - pg/e | UD, <LOD
HC1%asC18 NHEPAORD-S2 Soil - pele Up, <LOD
HC20as C18 NHEBADRD-52 Soil o pe/s UD, <LOD
HC6 NHEPAORID-53 Soil - pEg Up, <LGDh
HCT NHEPAORD-83 | Soil | -- ogle | UD, <LOD
HCE NHEPACRD-S3 Soil - pe/E Up, <LOD
HCY MHEPAORD-53 Soil 14.3 pefg un, <100
HC10 NHEPADRD-53 Soil - pg/g UD, <LOD
HC11 NHEPAORD-33 | Soil | - pgle | UD, <LOD
HCI1Z NHEPAQORD-83 Soil e pglg UD, <L.OD
HC13 NHEPAORD-83 Soil 2.93 /e LD, <LOG
H{ 14 MHEPAORD-83 Soil 1.2 ng/s VD, <LOG
HCI5asCl4 | NHEPAORD-S3 | Soil - pe/e L UD, <LOD
6

July 24, 2018
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Table 3, Concentration Estimates of Single Hydrogen Substituted PFAS
Carboxylic Acids from Non-Targeted Analysis.

Carbon No.* Sample 1D Matrix | Cone. Unit Flag(s)**
HC16 NHEPAORD.S3 Soit 109 pe/o LD, <LOG
HC17a3Cl6 MHEPAORD-83 Soil -- Py UD, <LOD
HCIS NHEPAORD-83 Soil - /e UD, <LOD
HC19as C18 NHEPAQORD-S3 Soil - pR/g U, <LOD
HC20as C18 NHEPAORD-S3 Soil - pefg UD, <LOD

July 24,2018

*Unless specified otherwise, the hydrogen substituted PFAS was quantified based on the fully
fluorinated analogue.

#* Flags defined:

s U = undiluted

e D1 =10-fold dilution

o <LOQ = values are less than LOG but exceed Limit of Detection (LOD) defined as
exceeding process blaoks at P<0.05 level of significance
<L.OD = Less than limit of detection and not significantly different than process blanks

s El= sample/analyie exceeded established precision criteria of +/- 30%
E2= the calibration range for the corresponding PFCA was exceeded 5o that the reported
values are greater than the highest calibration standard. The calibration range varied by
carbon length,

]
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,;:5 UNITED STATES ERVIRONMENTAL PROTECTION AGENCY
i NATIONMAL EXPOSURE RESEARCH LABORATORY

%, RESEARCH TRIAMGLE PARK. NC 27711
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[
CFFRIE OF
RESEARCH AND JEVELOPRMENT

October 4, 2013

Mr. Clark Freise, Assistant Comunissioner

MNew Hampshire Department of Environmental Services (NHDES)
29 Hazen Drive

P.O. Box 95

Concord, New Hampshire 03301

Dear Mr. Freise:

I am pleased to provide the attached 3™ and 4" report from our ongoing collaborative technical
support to NHDES assisting with concern over PFAS environmental contamination associated
with manufacturing sites. These reports are in response to your request of June 22, 2017 asking
for laboratory assistance analyzing per- and polyfluoroalkyl substances (PFAS) in environmental
samples. The enclosed Report #3 provides results for surface and ground water samples. Report
#4 provides the results of stack sampling.

It is our understanding that this information was requested by NHDES to help in your ongoing
investigation into the presence of per- and polyfluorinated alkyl substances (PFAS) in the
environment near manufacturing facilities of interest. This request relates to our research
capabilities and interests applying targeted and non-targeted analysis methods for discovery of
the nature and extent of PFAS environmental occurrence that may be potentially associated with
industrial releases. EPA continues to develop analytical methods for many PFAS compounds in
various media including some of those included in this report. We are providing the results of
our analysis as they become available.

In this report, we do not interpret exposure or risk from these values. EPA does not currently
have health-based standards, toxicity factors, or associated risk levels for PFAS, other than
perfluorooctancic acid (PFOA), perfluorocatane sulfonate (PFOB), and perfluorobutanesulfonic
acid (PFBS). While the data provided in the attached reports indicate the presence of PFAS in
water samples, no conclusions can be made related to human or environmental exposure and
risk.

Thank you for inviting us 1o be part of this effort that helps to further both EPA’s and New
Hampshire’s understanding of an important issue in the state. This is just one of many Agency
efforts that demonstrates EPA’s commitment {o cooperative federalism. |

fove
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If you have any questions or concerns, do not hesitate to contact rae at (919) 541-2107 or via
email al watkins tim@epa.gov or Tim Buckley at (919) 541-2454 or via email at
buckley.imothy@epa.zov. 1look forward to our continued work together.

Sincerely,

“Tirnothy H. Watkins
Director

National Exposure Research Laboratory
Office of Research and Development

Enclosure

CC: Meghan Cassidy, USEPA, Region 1
Deb S8zaro, USEPA, Region 1
Jel¥ Morris, USEPA OPPT
Betsy Behi, USEPA, OW
Peter Grevatt, USEPA, OW
Andy Gillespie, USEPA, ORD
Timothy Buckley, USEPA, ORD
Cindy Sonich-Mullen, USEPA, ORD

[ L]
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ORD NH Report #3 October 4, 2018

ORD Report #3: Technical Support to New Hampshire -
Targeted PFAS Measurements in Water

Date: October 4, 2018

New Hampshire Department of Environmental Services (NHDES), in coordination with EPA
Region 1, requested technical support from EPA’s Office of Research and Development (ORD)
in analyzing PFAS in environmental samples potentially impacted by industrial sites within the
state. NHDES assumed responsibility for the collection of samples and their shipment to our
laboratories. ORD was responsible for sample extraction and analysis of PFAS. ORD’s analysis
and support team for this report are listed in Table 1.

Table 1. EPA Office of Research and Development analysis and report team.

Responsibility Personnel

Laboratory chemistry Mark Strynar (team lead), James McCord, Seth Newton
(Juality assurance review Andy Lindstrom, Sania Tong-Argao

Management coordination and review Myriam Medina-Vera, Brian Schumacher, Timothy Buckley
Report preparation Kaie Sullivan

The current report includes results for water samples collected by NHDES on September 27,
2017 (n=25) in containers provided by ORD. Samples were sent to and analyzed under the
direction of Dr. Mark Strynar at ORD’s laboratories in Research Triangle Park, NC. ORD
laboratory personnel were blind to sampling location. The PFAS analytes targeted for analysis
are given in Table 2. These analytes were selected because previous NHDES reports have shown
them 1o be of concern.

Water samples were analyzed by Liguid Chromatography Mass Spectrometry (LC-MS)
according to methods described within an approved Quality Assurance Project Plan (QAPP)',
PFAS concentrations were determined against a standard calibration curve derived from
authentic standards using a traditional targeted analysis approach.

! National Exposure Research Laboratory, Quality Assurance Project Plan: Non-Targeted Analyses of Per- and
Polyfluoroalky! Substances {(PFAS) for New Hampshire Department of Environmental Services (NHDES). October

2,2017.
Page 1 of 3
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Table 2. PFAS Analvtes Measured

Short Mame Chemical Name Formula CAS ne.
(GenX Perfluoro(2-methyvl-3-oxahexanoic) acid CeHF 1Os 13252-13-6
PFBA Perfluorobutanoic Acid CHFO; 375-22-4
PFPeA Perfluoropentanocic Acid CsHFoO: 2706-90-3

PFHxA Perfluorchexanoic Acid CeHF 1 307-24-4
PFHpA Perfluorcheptanoic Acid CsHF 30 375-85-9
PFOA Perfluorooctanoic Acid CsHF 5O 335-67-1
PFNA Perfluorononanocic Acid CoHF 70 375-95-1
PFDA Perfluorodecanoic Acid C1oHF 120 335-76-2
PFBS Perfluorobutane Sulfonate CiHF SO 375-73-5
PFHxS Perfluorchexane Sulfonate CoHE 1350, 355-46-4
PFOS Perfluorooctane Sulfonate CyHF 1780, 1763-23-1
Results

Quality control results indicated analyses were within expected performance specifications. For
GenX, we observed our standards to be within +22% of our calibration curve over the range of
10 to 1000 ng/L. Quality Control spikes {100 and 500 ng/L} were within 12% of the target
concentration. GenX was not detected in any field or laboratory blanks.

For the remaining PFAS analvtes, we observed deviations from the calibration curve for lower
range standards (i.e. 10, 50, and 100 ng/L) by as much as 74%, 52%, and 51.3%, respectively.
For the 25 ng/L. and higher standards, concentrations were within +21.8% of the calibration
curve. QC spike samples (100 and 500 ng/L) were within 32% of the target except for PDFA,
which deviated by 62.6%.

Concentration results for the 25 water samples are presented in Table 3. Summary findings
include:

o  (GenX was detected in one sample. All other samples were below the detection limit.

e Concentrations of other PFAS varied by sample and analyte. The range of concentrations
for other analytes varied from less than the limit of detection to 2,200 ng/L.

e Most of the samples had measurable concentrations of one or more of the legacy PFAS,
and many had measurable concentrations of multiple analytes.

¢ PFOA was consistently present at the highest concentration across the 25 samples. PFOS
and PFBS were observed in multiple samples.

Page 2 of 3
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Table 3. PFAS Concentrations determined with targeted analysis in ng/L.

PAGRD 001 LY
EPAORINO0Z | <LOQ - - - « - - 10.8 - ~ - 10.8
EPADRD 0603 | <LOQ - - - - - - 43.0 ~ - 19.6 646
EPACRD 004 | <LOQ 358 153 168 124 580 - a7 12.8 211 379 1.178
EPAORD 008 | <LOG 36.5 143 185 126 578 - 113 18.5 15.0 3746 1.120
EPAORD 006 | <LOQ 168 577 713 879 2,270 233 126 879 382 278 4,760
EPACRD 007 ; <LOQ - 9.82 185 258 101 - - - - ~ 155
EPACRD OGS | <LOQ - - ~ 14.6 7.3 - - ~ - - $4.9
EPADRD 0% ;  <LOG 35.0 74.8 95.3 10 197 - - - - - §73
EPAORD 010 | <LOD 211 73.9 105 134 497 “ - 13.6 12.3 - 861
EPADRD GI1 | <LOQ 73.8 286 381 500 1.460 - - 21.7 217 - 2756
EPAORD 012 | <LOG 10.9 304 56.1 92.6 452 - « 3.58 864 - 732
EPAORD 013 | <LOQ 9,88 319 498 116 448 - - ~ 88.7 - 44
EPAORD 014 | <LQQ - - - - - - - ~ ~ - 0.6
EPACRD 015 1 <LOG - 23.0 17.4 18,8 100 - « 115 - - 171
EPACRD {16 35.4 - 187 6.6 358 117 - - 14.2 - - 282
EPAQRD 017 | <LOQ - - 15.6 28.3 180 - - 34.8 8.93 - 269
EPACORD 018 | <10} - - - - 617 - - - - - 61.7
EPAQRD QIO | <LOD * 118 155 188 &5.1 - - 3735 - - 201
EPAORD 020 | L0 - - - 10.6 61.2 - - - 9.64 - £1.5
EPAQRDOZY | <LOG - - - 107 61.7 - - - - - 2.4
EPACRDOIZ | ~LOQ - 188 308 511 166 - ~ 15.3 17.4 - 205
EPAGRD 023 | «<LOQ 9,72 56,4 69.7 100 521 - ~ - 161 - 776
EPACGRD 024 | <LOQ - - N 135 34.7 - - - - - 483
EPAORD 901 1 <LOGO - - 18.1 53.7 418 ~ - ~ 17.5 - 508
<LOQ = Less than limit of guanttation for GenX is 10 ng/l. - {dash) = Analyte not detected
Page 30f 3
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UMITED STATES ENVIRONMENTAL PROTECTION AGERCY
NATIONAL EXPOSURE RESEARCHLABORATORY
REGEARCHTRIAMGLE PARK, NC 27711

CEERE OF
BEEEARCH AME DEVELOPKENT

October 4, 2018

Mr. Clark Freise, Assistant Comunissioner

New Hampshire Depariment of Environmental Services (NHDES)
29 Hazen Drive

P.O. Box 95

Concord, New Hampshire 03301

Diear Mr. Freise:

1 am pleased to provide the attached 3™ and 4™ report from our ongoing collaborative technical
support to NHDES assisting with concern over PFAS environmental contamination assoclated
with manufacturing sites. These reporis are In response to your request of June 22, 2017 asking
for laboratory assistance analyzing per- and polyfluorvalkyl substances (PFAS) in environmental
samples. The enclosed Report #3 provides results for surface and ground water samples, Report
#4 provides the results of stack sampling.

It is our understanding that this information was requested by NHDES 1o help in your ongoing
investigation into the presence of per- and polyfluorinated alkyl substances (PFAS) in the
environment near manufacturing facilities of interest. This request relates to our research
capabilities and interests applying targeted and non-targeted analysis methods for discovery of
the nature and extent of PFAS environmental occurrence that may be potentially associated with
industrial releases. EPA continues to develop analytical methods for many PFAS compounds in
various media including some of those included in this report. We are providing the results of
our analysis as they become available.

In this report, we do not inferpret exposure or risk from these values. EPA does not currently
have health-based standards, toxicity factors, or associated risk levels for PFAS, other than
perfluorooctanoic acid (PFOA), perfluorecatane sulfonate {(PFOS), and perfluorobutanesulfonic
acid {(PFBS). While the data provided in the attached reports indicate the presence of PFAS in
water samples, no conclusions can be made related to human or environmental exposure and
risk.

Thank you for inviting us 1o be part of this effort that helps to further both EPA’s and New
Harmpshire’s understanding of an important issue in the state. This is just one of many Agency
efforts that demonstrates EPA's commitment to cooperative federalism.
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If you have any questions or concerns, do not hesitate to contact me at (919) 541-2107 or via

email at watkins.tim@epa.gov or Tim Buckley at (919) 541-2454 or via email at
buckley.imothy@epa.gov. 1 look forward to our continued work together.

Sincerely,

“Timothy H. Watkins
Director

Mational Exposure Research Laboratory
Office of Research and Development

Enclosure

CC:  Meghan Cassidy, USEPA, Region |
Deb Szaro, USEPA, Region |
Jeit Morris, USEPA OPPT
Betsy Behl, USEPA, OW
Peter Grevatt, USEPA, OW
Andy Gillespie, USEPA, ORD
Timothy Buckley, USEPA, ORD
Cindy Sonich-Mullen, USEPA, ORD
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ORD Report #4: Technical Support to New Hampshire -
Initial Results of CIMS and TO-15 Measurements in Stack Emission SUMMA Canisters

Date: October4. 2018

Report Team

¢ Laboratory Chemists: Theran Riedel, Ingrid George

e Quality Assurance Review: Sania Tong-Argao, Margie Vazquez, Libby Nessley and
Brittany Stuart

s Management Coordination and Review: Myriam Medina-Vera, Adam Biales, Surender
Kaushik, Brian Schumacher, Jacky Rosati, Richard Shores, Brian Gullett, Lara Phelps
and Timothy Buckley

s Report Preparation: John Offenberg and Jeff Ryan

Summary of Methods and Results

MNew Hampshire Department of Environmental Services (NHDES), in coordination with US EPA
Region 1, requested technical support from US Environmental Protection Agency, Office of
Research and Development (ORD) in analyzing per- and polyfluoroalky! substances (PFAS) in
stack emission samples from an industrial site within the state. NHDES assumed responsibility
for the coordination of sample collection protocols with the industry. ORD was responsible for
chemical analysis. We are hereby providing the initial results of whole air samples collected in
stainless steel, electropolished ("SUMMA" polished), passivated 6-liter canisters over the period
of 26 April 2018 to 01 May 2018.

This report includes non-targeted analysis results conducted by high resolution chemical
ionization mass spectrometry (CIMS), as well as more conventional TO-15 analysis for specific,
volatile organic hazardous air pollutants (HAPs) using unit mass resolution (i.e., ‘low res’) gas
chromatography-mass spectrometry {GC-MS). This work is an initial attempt to adapt ambient
SUMMA canisters to collect whole air, stack exhaust gases for laboratory analysis of PFAS by
CIMS, as well as by TO-13, and full-scan, low resolution mass spectrometry, The performance
of adapting TO-15 to stack emissions is not currently known. Any use of quantitative results
should acknowledge such limitations.

Due to this being the first time SUMMA canister sampling for PFAS compounds has been
performed on/with stack emissions, the CIMS analyses are limited to tentative identifications,
rather than quantification. Afier tentative identifications are confirmed, additional work will be
needed to assess sample collection, transport, handling, and analysis impacts on measurements
prior to the development of quantitative analyses. Additionally, non-targeted analysis differs
from the more traditional, targeted analysis in that chemical identification and quantification
does not have the benefit of being based on authentic standards. As such, one can expect greater
uncertainty, both in terms of identification and concentration estimates through a non-targeted
analysis. Some of the differences between the analysis methods are summarized in Table 1.

Page 1 of 26
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The PFAS reported here were identified using non-targeted analysis methods described within an
approved quality assurance project plan (QAPP) ' and addendum®. These non-targeted methods
are also generally described in Rankin et al., 2015.° The Chemical lonization Mass Spectrometer
{CIMS - Aerodyne Research, Inc, Billerica, MA) is a moderately high resolution, direct air inlet,
high time resolution mass spectrometer,’ * that has not previously been applied to non-targeted
analysis of PFAS in air samples.

As stated, this study adapted ambient, whole-air SUMMA sampling to the plant’s stack
emissions. In brief, multiple evacuated SUMMA canisters were filled on-site to approximately 7
pounds per square inch absolute {psia), then transported to Research Triangle Park, North
Carolina (R'TP, NC) for analysis. Incomplete filling during sampling was performed in order to
help prevent condensation of water induced by temperature changes during transport to RTP,
NC, Upon receipt by ORD, each canister was pressurized (o approximately 50 psia with clean
air. Actual initial and final pressures were recorded in laboratory notebooks. Samples were
analyzed first by chemical ionization mass spectrometry (CIMS) using iodide (J-) as the reagent
gas until the pressure inside the canister reached 19 psia, at which point the canister was
analyzed according to TO-15, with the additional targeted hydrocarbons of the Photochemical
Assessment Monitoring Station list (PAMS). Canisters were then re-analyzed by a full-scan, low
mass resolution gas chromatography - mass spectrometry (GC/MS) analysis. The TO-13 analysis
can be understood as a targeted analysis of gas phase Hazardous Air Pollutants (HAPs). The
subsequent full-scan analysis is similar to the non-targeted analysis presented above and in
earlier work, yet the use of low mass resolution GC-MS work results in data that may be of
insufficient quality to perform high resclution non-targeted data analysis,

The CIMS non-targeted PFAS compounds are tentatively identified based on the combination of
high-resolution mass spectral data (i.¢., response vs. m/(), along with interpretation of spectral
patterns, such as the presence, or absence, of a series of analogues with the addition of 50 {or
100} m/Q which is consistent with the addition of CF2 {or C2F4) to the backbone of the

! Strynar, M.; Washington, 1.; Lindstrom, A.; Henderson, W. 2017, Quality Assurance Project Plan: Non-Targeted
Analyses of Per- and Polyfluoroalkyl Substances (PFAS) for New Hampshire Depariment of Environmental
Services (NHDES). D-EMMD-PHCB-015-QAPPDL,

* Offenberg, J.H.. Addendum to Quality Assurance Project Plan: Non-Targeted Analyses of Per- and
Polyfluorcalky! Substances (PFAS) for New Hampshire Department of Environmenta! Services (NHDES). D-
EMMD-PHCB-013-QAPP-01-01.

3 K. Rankin, 8. A, Mabury, T. M. Jenkins, I, W. Washingion, A North American and global survey of
perfluoroatky! substances in surface Soil: Distribution patterns and mode of cecurrence. Chemosphere 161, 333-341
{2015).

4 Lee, B. H,; Lopez-Hilfiker, F. D.; Mohr, {; Kurtén, T.; Worsnop, D. R.; Thomton, 1. A, An lodide-Adduct High-
Resolution Time-of-Flight Chemical-lonization Mass Spectrometer: Application to Atmospheric [norganic and
Organic Compounds, Environmental Scignce & Technology 2014, 48 (11}, 63096317,

3 Lopez-Hilfiker, F. D Iver, 8, Mohr, C; Lee, B. H.; D'Ambro, E Lo Kurtén, T; Thomton, §. A, Constraining the

sensitivity of lodide adduct chemical ionization mass specirometry to multifunctional organic molecules using the
coflision limit and thermodynamic stability of iodide ton adducts, dimos. Meas, Tech 2016, 9 (4}, 1505-1512.

Page 2 of 26
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molecule. Without the benefit of known authentic standards, identifications are effectively
limited to library search matches, as well as agreement between estimates of molecular mass
from empirical formulae, and measured »m/( by the instrument,

After CIMS analysis, samples were also analyzed by GC/MS according to TO-15 using Selective
Ton Monitoring (S1M}, then again by GC-MS, under the same chromatographic conditions,
operating in full scan mode over a range of m/0 of 31 to 500. The addition of chromatography
and higher energy ionization (70 ¢V Electron Impact) may allow for additional comparative
analysis between the full scan GC-MS (low resolution full scan) and CIMS. Both CIMS and GC-
MS analyses were performed on all samples, and process blanks in an identical manner, For all
following results, ions (i.e., compounds) observed across all three replicate canisters are
indicated in the following tables, corresponding with the chemical analysis performed.

The CIMS-based non-targeted analysis tentatively identified twelve {12) PFAS compounds in
the SUMMA canisters (Table 2). Some ambiguity remains in the assignment of the tentative
identifications, largely due to the combination of soft (i.e. non-fragmentary) ionization with no
chromatographic separation in the CIMS technigue. For example, two PFAS compounds (6:2
telomer alcohol 364.10 Th, and the C7 perfluoro-carboxylic acid 364.10 Th) have nearly
identical molecular weights, and are subsequently observed in the CIMS at nearly
indistinguishable m/Q. Given the resolution of the CIMS instrument (~3000), it is not possible to
definitively identify which of the two compounds is present (302 telomer alcohol, or the
corresponding x + 1 perfluoro-carboxylic acid). At present we cannot determine the empirical
formulae, and therefore, have not specified a ‘most likely” identification nor corresponding CAS
number,

The GC-MS targeted SIM analysis of SUMMA canisters identified 27, 42 and 38 non-PFAS
compounds in the samples from the MS, MA and QX towers, respectively. Compounds
identified are listed in Table 3. Across all 9 SUMMA canisters representing non-controlled stack
emissions (1.e., from MS Tower, MA Tower, and QX Tower Inlet sampling), the following
compounds were observed in all canisters: propylene, propane, chloromethane, isobutane, 1-
butene, ethanol, acrolein, acetone, iso-pentane, isopropy! alcohol, 1-pentene, isoprene, vinyl
acetate, 2-butanone, 1-hexene, tetrahydrofuran, 2,4-dimethylpentane, benzene, 4-methyl-2-
pentanone, toluene, and dodecane. Up to 118 gas phase compounds were observed across all
nine samples using the TO-13 (plus PAMS compounds) method.

Comparison of pre- and post- control device implementation on the QX tower showed a small
reduction in the number of compounds identified in all 3 of the post-control device canisters.
However, this reduction cannot be interpreted regarding the effectiveness of the control device.
Impacts, if any, of the control devices are best assessed through direct comparison of quantitative
results.

Measured concentrations of the TO-15 {plus PAMS) compounds are given in Table 4 through
Table 7. All measured concentrations are reported as parts per billion by volume (ppbV). In all
four of these tables, there are several data descriptors (ofien called “flags’) to identify a) the
presence of contamination which leads to suspect quantitation, b) a compound coelution problem
which leads to unreliable quantitation, ¢} a compound which was above the calibration range,

Page 3 of 26
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from which an estimated value is based on highest calibration point (i.e., presented as greater
than the highest calibration point). Compounds below the method detection limit (MDL) are
reported as < method guantitation limit (MQL). Reported values are blank corrected and
normalized for dilution of the original sample by the addition of clean air. Table 4 presents
concentrations measured in SUMMA canisters collected on the MS Tower, while Table 8 lists
concentrations measured in samples collected on the MA Tower. Table 6 includes measured
concentrations of compounds in the SUMMA canisters collected on both the inlet and outlet of
the control device on the QX Tower. Table 7 includes results from three ambient samples as
well as the single field blank canister.

Data analysis of the full-scan GC-MS analysis of these same canisters is not yet complete. The
additional analyses may provide insight into the relative contributions of the x:2 fluoro-telomer
alcohols, relative to the corresponding x+1 perfluoro-carboxylic acids. The fragmentation
patterns of the more energetic ionization technique, as well as the potential for chromatographic
separation of analytes, may provide multiple confirmatory results when compared with authentic
standards. These evaluations, along with initial laboratory studies of the stability of select PFAS
compounds in SUMMA canisters, is currently being performed by ORD in RTP, NC.

Page 4 of 26
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Table 1. Overview of Collection and Analysis Methods used for SUMMA canister analysis. For
comparison, LC-TOF MS and LC-HRMS, used in prior work, are also included.

Analysis Mass Chromatograp m/(} Identificatio | Negativ | Quantificatio

Method | Resolutio hy range n e Mass n
n Defect
CIMS Moderatel No [-1000 | I" Adducts Yes No, not yet
' High
e Formulae
0.00X only
No

Fragmentatio
n

TO-15 Low Yes Selected | Confirmed No Yes
. fon with
(uni Monitorin | Authentic
mass) g Standards
where
possible
GCIMS | Low Yes 31-500 Peak 1D, Mo No
{(unit Library
mass) search,

Diagnostic

fragments
LC-TOF | High Yes e.g. PFAS Yes Yes, for many
MS 0.000x 100-1000 | LPrary
. Standards
LC-
HRMS
{Orbitrap
)
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Table 2. PFAS ions observed by CIMS analysis of SLIMMA canister stack air samples collected from a New Hampshire manufacturing facility.
Concentration values are expressed in arbitrary units,

EPRELIMINARY DATA®® Probabie PFAS Compasition

{mean signal, dilution normalized}

Can Sample Type Pitution C3FHE02 (SF3MO03 CRF2HE0 (OFRHSC C7FEHIN0NZ (7FLLHS0 (7FI3H3D COF7HSGM CSFLIHTOL CBFI3MS0 CSPH702 CI0F1I3HSOI

Facior
520374 174050 148033 154019 240058 314016 345957  288.007  344.027 364013  166.083 408030
background 1 system blank 1 532 21 18 17 g g & 2 3 18 38 5
ambien
RKS | amblent o g 113 4 47 7 45 40 29 27 332 757 35
{inside faciity}
5 amblent o o 143 137 33 108 59 38 54 1 102 407 56
{lower root)
ambian
794 oamblent o0 aese 225 74 135 543 181 86 56 4 348 1273 53
{upper roof)
709 ambient? 528 17 5 3 16 3 g 4 7 16 59 8
= .y - 14 S
{Field iank} ° ¥
MaA towe
755 q(;:;’:’i; 102 42844 886 1185 152 611 168 102 59 56 171 5140 138
MA towe
751 A(éi\:; 102 57384 1145 1181 223 483 244 25 117 33 230 5400 71
(a2
262 M ,Rtg;“ig a1 seae? 1028 as2 308 asa 180 133 53 85 86 1602 108
{Run :
R M5 fower ; R
68 A 475 77 415 116 160 72 50 1843 2963 296
{Ru
MS tower N
700 . 54 32577 364 463 115 558 117 82 50 74 242 6703 Eo)
{Bun 2}
744 Mi;"::: a4 37052 335 11 157 407 159 53 ) 7% 207 3079 81
n 3}
721 C Wrewer o e 100 13144 294 748 a1 10113 1612 525 44301 7520 793
inlet {Run 1}
176 Qhtower o ahay s 548 280 706 172 2315 1605 430 s3g36 7291 545
niet (Run 2}
A378 C ttower o 448 535 136 715 196 13 127 72 2015 2786 217
indet {Run 3}
X tower
£V WHTowEr L. ame0 s;1 457 313 430 171 4952 750 532 26015 3852 152
outlet {Run 1}
4 tr
204 WHOWET o mar qass 687 579 393 585 10556 1230 358 85658 2251 539
outlet {Run 2}
793 WELower Lo sag sem 572 56 a23 128 i 70 21 B4 2098 295
outlet {Run 3}
hackground 2 system blank i 889 33 32 11 22 ] 7 4 8 17 51 10
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Table 3. Compounds identified using selected ion monitoring GC/MS — Method: TO-15,

Yellow Highlight indicetes
sompound detected in all 3 Buns

M35 Tower
T0-15 Target Compounds

Summary of Compounds Present in T0-15 Samples

MA Tower
TO-15 Target Compounds

Propylene

Pronane
Dichloradiffucromethans
Chinromethane
lssbutane
Dichiorotetrafiuoroethans
Yinyt Chioride
1-Butene

1.3 -Butadiens
Butane
trans-2-butene
Bromomethane
cis-2-butene
Chiorosthane
Ethanal

Vinyl Bromide
Azetonitrile
Agrolein

Agstong
so-Pentang
Trichlorofiuoromethane
Isopropyl slcohal
I-Pentene
Acrylonitrile
n-Rentane

tspprene
trans-2-pentene
gis-Z-pentens
Tert-Butanol
1,1-Dichioroethense
Methylene Chioride
3-Chiorg-1-Propensg

Propylene

Bropans
Dichiprodifiuoromethane
Chisromethane
isobutane
Dichiorotetrafluoroethane
Yinyl Chloride
1-Butene

1.3 Butadiens
Butane
trans-2-butene
Bromomethane
cis-2-hutans
Chlorpethane
Ethanol

Vinyt Bromide
Acetonitrile
Acrplein

Scetone

s Pentane
Trichiproflugromethane
Bsopropy! sloohel
1-Pentene
Acrvionirile
n-Pentans

koprens
trans-2apeniene
gls-Zopentens
Tert-Butanad

1, 1-Dichiorosthene
Methylene Chioride
3-Uhioro-1-Propensg

O Tower infet
TG-15 Target Compounds

Propyiene

Propane
Bicklorodifluoromethane
Chiororethane
Hobutane
Dichlorotetrafluorpethane
Winyt Chicoride
1Butens
1.3-Butadiene
Butane
trans-2-butene
Bromomethane
gis2-butens
Chiorosthane
Ethanol

Yinyl Bromide
Agetonitrile
Acrolein

Arstong
iso-Pentane
Trichiorofluoromethans
tsopropyl Alcohol
1-Pantene
Acrylonitrile
n-Fantans

isoprens
trans-Z-pentene
sh-2panteng
TertButannt
13-Dichloroethene
Methyizne Chioride
3-Chioro-1-Propens

Page 7 of 26

OX Tower Qutlet
TO-15 Target Compounds

Propylene

Peopane
Dichlorodiflunromithane
Chioromethane
Isobutans
Dichlorotetrafluoroethana
Yinyl Chloride
-Butens
1.3-Butadiens
Butane
trans-2-butena
Bromomaethane
cis-2-butene
Chiorosthane
Ethanct

Yinyl Bromide
Acetonitrile
Arrolein

Sretons

o -Pentane
Trichiprofluoromathane
hopropy Alcohol
1-Pentene
Acwionifrél@
n-Pentane

isoprene
trans-2-pentene
cis-2-pentens
Fert-Butanol

1, 1-Dichiorosthens
Methylene Chioride
3-Chipro-1-Propense
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S Tower

TO-15 Target Compounds
1,3, & Trichiore-1,2,2-
wrifluproethans
Garbon Disulfide

2, 2-Dimethyibutane
trans-1,2-Dichloroethens
Cyclopentans

2, 3-Dimethylbutane
1,1-Dichloroethane
Methyl-t-Butyl-Ether
Vinyl Acetate
2-Methylperiane
FButanorne
3-Methyipentane
2-Chioraprene
1eHexans

¢is-1, 2-Dichloroethene
Diisopropy! ether
Ethyl Acetate
n-Hexane

Chiproform
Tetrabydrofuran

Ethyl Tert-Butyl Ether
Methyloyclopentane
1,2-Dichklorpsthans
2.4-Dimethyloentane
1,1, - Trichloroethane
Benzane

Carbon Tetrachloride
Cyolohexsans
2-Methylhesane
2,3-Dimethyipentane
Tary Amyi Methyl Ether
F-methylhexane
1,2-Bichloropropang
Bromodichloromethane
1,4-Digxane
Trichloreethens

ispoctane

Meathyl Methacrylate
Heptane
cis-1,3-Dichioropropens

$-Methy2 Pentanong

MIA Tower

TO-15 Target Compounds
1,1, 2-Trichioro-1,2,2-
piflucrpethane
Carhon Disulfide

2,2-Dimethyibutans
trans-1,2-Dichiorosthens
Lyclopentans

23 Dimethyibutane
1.1-Dichloroethane
Methyl-i-Butyl-Ether
Vil Acatale
2-Methyipentane
FButancne
BMethvipeniane
2-Chigroprene
$-Hexene
cis-1,2-Dichloroethene
Blisopropyl ether
Ethyl Acetate
f-Hesane

Chigroform
Tetrahydroluran

Ethyl Tert-Butyl Ether
tethyloyclopentane
1.2-Dichioroethane
24-Dimathyinentane
1,1.1-Trichioroethane
Benzene

Carbon Tetrachlorids
Cyclohaxane
-Methvihexane
2,3-Dimethyipentans
Tert Amvyl Methyi Ether
Funethylberans
1,3-Dichloropropans
Bromodichioromethans
1.4-Dioxane
Trichlorpethens

isooctans
Methyl hMethacrylate
Heptane

cis-1,3-Dichicropropene

4-Methy-2-Pentanons

0¥ Tower inlet

TO-15 Target Compounds
1.1, 2-Trichiore-1,2,2-
triflunroethane
Carbon Disulfide

2.2-Uimethytbutane
trans-1,2-Dichiorosthene
Cyclopertane

£, 3-Dimethyibutang
1,1-Dichiorpethane
Methyl-t-Butyl-Ether
Vinyl Acetate
2-Methylpentane
2-Butanone
F-Methyipentane
2-Chloroprensg
I-Hexene
cis-1,2-Dichioroethene
Dilsopropyt ether
Etbwd Acetate
n-Haxane

Chloroform
Tenabydroturan

Ethyl Tert-Butyl Ether
Methyloyolopentane
1.2-Dichloroethane
dA-Dimethyipentane
1.1, Trichiorpethans
Benzene

Carbon Tetrachloride
Lyelahesane
2-Methylhexane
1.3-Dimethyipentane
Tert Amyl Methyl Ether
Smethyihesans
1.2-Dichloropropane
Bromodichioromethans
14-Diowans
Trichloroathene

soactane
Methyl Methacrylate
Heptane

¢is-1,3-Dichloropropens

A-bethy-2- Pantanons
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0¥ Tower Outiet

TG-15 Target Compounds
1,1,2-Trichlores-1,2,2-
triffuoroethane
Carbon Disulfide

2, 3-Dimethylbutansg
trans-1,2-Dichloroethene
Cyclopentane
2,3-Dimethyibutane

1, 1-Dichioroethans
Methyl-t-Butyh-Ether
Vinwl Acotale
2-Methyipentane
Z-Butanone

3 Methyipentans
-Chivroprene
I-Hexene
¢is-1,2-Dichlorogthense
Diisopropyl ether

Ethyl Acetate
n-Hexane

Chioroform
Tetrabydrofuran

Ethyl Tert-Butyl Ether
Methylcyclopentans
1, -Dichioroethane
24-Dimethyipentans
1,3 3-Trichloroathans
Benzens

Carbon Tetrachlovide
Cyrlohesane
2-pMethythexane

3, 3-Dimethyipentans
Tart Ayl Methyl Ether
S-methviherane
1,2-Dichioropropane
Bromodichioremethang
1A-Bicyane
Trichloroethens

lsooctane
Methyt Methacrylate
Heplane

¢is-1,3-Bichioropropene

4-Methy-2-Fantanone
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M3 Tower

T0-15 Target Compounds
Mathyloyclohenane
trans-1,3-Dichloropropene
1,1.2-Trichioroethans
2.3, 4-Trimethyipentans
Toluens
I-Methytheptane
Dibromochloromethans
3-Methytheptane
1, 2-Dibromosthans
Octane
Tetrachlorpethene
1,1,1,2-Tetrachioroethana
Chiorobenzene
Ethylbanzens
m-Aylene
pXylene
Bromoform
Styrene
1.1,2,2-Tetrachiorogcthane
o-Kylens
MNonane
Cumene
n-Fropyibenzens
m-Ethyltolusne
1,3,5-Trimethylbenzene
1,2,4-Trimethylbenzene
Tari-Butyl Benzene
1-Ethyl-4-Methyl Berzene
o-Ethyltaluens
1.3-Dichiorobenzens
1 4-Dichiorobenzans
n-llecang
Sec-Butyl Benzene
1.2, 3-Trimethyibenzens
1.2-Dichlorobenzens
a-Cymene
1.3-Disthyibenzens
1, 2-Diethyibenzens
n-Butyl Benzens

Undecane
1,2 A-Trichlorobenzene

Naphthalene

MA Tower
T0-15 Target Compounds

Methwlcydiohenane
trans-1,3-Dichloropropene
1,5, 3-Trichlorcethane
2.3, 4-Trimethylpentang
Teluene
I-Methylheptane
Dibromochioromathang
3-Methylheptane
1.2-Dibromosthans
Ogtane
Tetrachioroethene
1. L1 3-Tetrachiaraethansg
Chigrobenzene
Ethyibenzene
m-tyiene
p-¥ylene
Bromoform
Styrene
1.1,2,2-Tetrachigroethane
o-fylene
Nonang
Cumensg
n-Propylbenzens
nm-Ethyltoluens
1,3, 5-Trimathyibenzene
1, 24-Trimethylbenzene
Teri-Butyl Benzene
1-Ethyl-4-Methyl Benzeneg
o-Ethyitoluang
1,3-Dichiorobenzene
1.4-Dichiproberzans
n-Decane
Sec-Butyl Benzene
1,2,3-Trimethylbeniens
1,2-Oichlorobenzene
a-Lymena
1.3-Diethylbenzens
1,2-Diethylbenzans
n-Butyl Benzene

Undecans
1.2, 4-Trichlorabenzens

Maphthalens

OX Tower Inlet

T8-15 Target Compounds
Methyvicyrioheane
trans-1,3-Dichloropropens
1,1, 2-Trichloroethane
2,3, 4-Trimethyipentane
Tolusns
Lhterdbentane
Dibromochigromethane
3-Methylheptane
1.2-Dibromosthanse
Octane
Tatrachlorpethene
1,118 Tetrachioroethane
Chiorobenzene
Ethylbenzene
m-Yylene
o-Xylene
Bromoform
Styrene
1,14, 2-Tetrachioroethans
o-Xylgne
Nonang
Cumene
r-Propythenzene
m-Ethyltolugne
1.3,5-Trimethyibenzens
1.2, 4-Trimethytbenzene
Tert-Butyl Benzene
1-Ethyl-d-Methyl Benzens
a-Ethyitoluene
1,3-Dichlorobenzens
1,4-Dichlorobenzens
n-Decane
Sec-Butyl Benzena
1,2, 3 Trimethytbenzens
1,2-Dichlorohenzene
o-Cymene
1,3-Disthyibenzene
1,2-Diethyibenzene
n-Butyl Benzene

Undecane
1,24 Trichliorobenzense

Naphthalene

Page 9 of 26

September 10, 2018

O} Tower Outlet

TO-15 Target Compounds
Methylevelohesane
trans-1,3-Dichloropropene
1,1, 2-Trichloroethane
2,3,4-Trimethylpentane
Toluene
I-Methyltheptans
Disromochloromethane
I-Methyltheptans
1.2-Dibromosthane
Cetane
Tetrachloroethens
1L, LA 2-Tetrachiorosthans
Chiprobenzene
Ethylberzene
mdylene
p-Xylene
Bromoform
Styrene
1.1,2.2-Tetrachlorosthane
o-Kylene
Nonane
Cumsng
n-Fropyibenzens
m-Ethylicluene
1,3,5-Trimethylbenzens
124 Trimethylbenzens
Tert-Butyl Benvene
1-Ethyl-d-Methyl Benzene
o-Ethyltoluene
1,3-Bichiorobenzene
1,4-Dichiorobenzene
n-Decane
Sec-Butyl Benzene
1,2, 3 Trimethylbenzens
1.2-Dichlorohenzens
o-Cymens
1.3-Diethyibenzensg
1.2-Diethyibenzene
n-Buty! Benzene

Undecane
1.2, 8- Trichlorobsneens

Naphthalene
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S Tower
TO-15 Target Compounds
Dodavang

Hexachlorobutadiense

WA Tower OX Tower Inlet
T0-15 Target Compounds T0-15 Target Compounds
Dodecang Dodecane

Haxachlorobutadiene

Hexachiorobutadiene

Page 10 of 26
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OX Tower Qutlet
T(-18 Target Compounds
Dodecane

Hexachlorobutadiene
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Table 4. Measured concentrations of TO-15 (plus PAMS) compounds in MS Tower SUMMA canisters.

S Tower
Can D 368 700 744
Location MS Tower MS Tower MS Tower
Run Number Run il Run 2 Run 3

Date 4/26/2018 4/27/2018  4/27/2018

Bata Descriptors
+«  Contaraination present.. Quantitation
suspect.
¢ Compound coelution problem.
Cuantitation not reliable

e {ompounds below 3 x MDL are
reported as ‘< MQL’

e Reported values are blank corrected

Target Compounds Conc. Cone. Conc.
ppbv ppbv ppbv
Propylene 139.85 107.06 83.88
Propane 73.75 61.77 33.24
Dichlorodifluoromethane 0.29 0.35 0.35
Chloromethane 2.14 2.53 0.94
Isobutane 101.63 48.29 2161
Dichlorotetrafluorosthane < MQL < MQL < MOL
Vinyl Chioride < MGL < MQOL < MQGL
I-Butene 101.84 73.85 57.98
1,3-Butadiene 6.08 4,18 3.47
Butane 0.87 1.85 0.74
trans-2-butene 1.45 1.77 < MQL
Bromomethane < MQGL < MQOL < MOL
cis-2-butene 1.71 < MQL < MGL
Chlorpethanse < MQL < MQL < MIQL
Ethanol 56.95 24.50 15.05
Vinyl Bromide < MQGL < ML < MQOL
Acetonitrile 12.75 13.88 3.72
Acrolein 182.90 97.20 57.61
Can 1D 368 700 744
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Location MS Tower MS Tower MS Tower

Run Number Run i Run 2 Run 3
Date 4/26/2018 4/27/2018  4/27/2018
Target Compounds Conc. Conc. Conc.
ppbv ppbv ppbv
Acetone
isg-Pentane 17.77 . 8.88
Trichlorofluoromethane < MQOL < MQL < pMQL
isopropy! Alcohol 46.78 36.05 35.94
1-Pentene 2.32 1.42 0.82
Acrylonitrile 0.78 1.32 < ML
n-Pentane 1.28 3.03 0.88
Isoprene .52 0.48 (.28
trans-2-pentene < MQL < MGL < MOL
cis-2-pentene < MQOL < MQL < MQL
Tert-Butanol 1.54 1.04 < MOL
1,1-Dichloroethene <ML < MGL < MQOL
Methylene Chloride <MQL < MQOL < MQL
3-Chloro-1-Propene < MGL < MQGL < MQOL
1,1,2-Trichloro-1,2,2-triflucroethane < ML < MOL < MQL
Carbon Disulfide 1.43 1.10 0.82
2,2-Dimethylbutane < MOL < MQOL < MQOL
trans-1,2-Dichioroethene < MQL < MQL < MQOL
Cyclopentane 16.87 10.25 < MQL
2,3-Dimethylbutane < MGL < MOL < MOL
1,1-Dichioroethane < MQL < MOL < ML
Methyl-t-Butyl-Ether < MOL < MQL < MQL
Vinyl Acetate 45.72 34.31 26.88
2-Methyipentane < MQL < MQOL < MQL
2-Butanone 150.61 53.48 43.89
3-Methyipentane .61 0.91 < MQOL
2-Chloroprene < MQL < MQL < MQL
1-Hexene 2.05 1.21 (.40
cis-1,2-Dichloroethens < MQaL < MQL < MQGL
Diisopropyl ether < MQL < MQL < MOL
Ethy! Acetate < MQL <MQL <MGL
n-Hexane < MQL 0.66 < pMOL
Chioroform < MOL < MQOL < MCGL
Tetrahydrofuran 3.37 3.74 2.48
Ethyl Tert-Butyl Ether < MQOL < MQOL < MQL
Methylcyclopentane < MGL .23 < MQOL
Can D 368 700 744
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location MSTower MSTower  MS Tower
Run Number Runl Run 2 Run 3
Date 4/26/2018  4/27/2018  4/27/2018
Target Compounds {onc. {onc. Conc.
ppbv ppbv ppby
1,2-Dichloroethane < MQL < MQL < MQGL
2,4-Dimethylpentane 0.74 0.43 0.23
1,1,1-Trichloroethane < MOL < MQL < MQL
Benzene 110.06 21.07 5.21
Carbon Tetrachloride < ML < MQOL < MQL
Cyclohexane 0.81 1.53 0.64
2-Methylhexane 0.50 1.36 < MOL
2,3-Dimethylpentane < MQL < MQL < MOL
Tert Amyl Methyl Ether < MQL < MQL < ML
3-methythexane 3.38 1.56 < MQGL
1,2-Dichloropropans < MOL < MOL < MQOL
Bromodichloromethane <MQL < MOL < MQOL
1,4-Dioxane 16.22 10.98 < MQL
Trichloroethene < MQL < MQL < MQL
isooctane < MQOL < MGL < MQL
Methyl Methacrylate < MOL < MOL < MQL
Heptane < MOL 1.59 < MQL
¢is-1,3-Dichloropropene < MQL < MOL < MQL
4-Methy-2-Pentanone 204.92 121.73 102.23
Methyicyciohexane 0.38 1.30 < MOL
trans-1,3-Dichloropropene < MQL < MQGL < MQL
1,1,2-Trichloroethane < MQOL < MOL < MOL
2,3,4-Trimethylpentane < MQOL 0.26 < MQOL
Toluene 21.40 49.50 4,59
2-Methylheptane < MQL 0.52 < MQL
Dibromochloromethane < ML < MOL < MQL
3-Methylheptane < MQL 1.83 1.02
1,2-Dibromoethane < MQGL < MQL < MQOL
QOctane <MQL 0.62 < MOL
Tetrachloroethene < MOL < MQL < MQL
1,1,1,2-Tetrachloroethane < MQL < MOL < MGL
Chiorobenzene < ML < MQGL < MQL
Ethylbenzene 0.45 0.58 < MGL
m-Xylene <ML 0.81 < MQL
p-Xylene < MQL < MQL < MOL
Bromoform < MQL < MQL < MQL
Canlib 368 700 744
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Location MS Tower  MS Tower MS Tower

Run Mumber Runil Run 2 Run3
Date 4/26/2018 4/27/2018  4/27/2018

Target Compounds Conc, Conc. Cone.
ppbv ppbv ppbv

Styreng ) < MOL < MQL < MOL
1,1,2,2-Tetrachloroethane < MOL < MOL < MQL
o-Kylene < MQL < MQL < MQL
Nonane 1.55 1.31 <MQL
Cumene < MQL 0.20 < MQOL
n-Propyibenzene < MQL 0.37 < MQOL
m-Ethyitoluene < MQL (.41 < MQL
1,3,5-Trimethylbenzene < MQL < pMQOL < MQL
1,2,4-Trimethylbenzene < MQL < MQOL < MQOL
Tert-Butyl Benzene < MQL < MOL < MQL
1-Ethyl-4-Methyl Benzene < MQL < MQGL < MOL
o-Ethyitoluene < MQOL < MQOL < MQL
1,3-Dichlorobenzene < MQL < MQL < MOL
1,4-Dichlorobenzene < MQL < MQOL < MQL
n-Decane < MQL < MQL < MOL
Sec-Butyl Benzeng < MQOL < MQL < MOL
1.2,3-Trimethylbenzene < MGL < MQL < MQL
1,2-Dichlorobenzens < MQGL < MQL < MQL
o-Cymene < MQL < MOL < MQGL
1,3-Diethylbenzene < MQOL 0.34 < MQL
1,2-Disthylbenzene < MQL (.39 < MGL
n-Butyl Benzene < MQL < MQL < MQOL
Undecane 0.90 1.28 < MQL
1,2,4-Trichlorobenzene < MQL < MQOL < MOL
Naphthalene 0.80 (.63 < MQL
Dodecane 36.39 6.67 30.64
Hexachlorobutadiene < MQGL < MQOL < MQL
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Table 5. Measured concentrations of TO-15 (plus PAMS) compounds in MA Tower SUMMA canisters.

MA Tower
CaniD 755 751 262
Location MA Tower MA Tower MA Tower
Run Number Runil Run 2 Run 3
Date 4/26/2018 4/26/2018 4/26/2018
Data Descriptors
Contamination present.
Quantitation suspect,
Compound coelution problem.
Quantitation not reliable
Compounds below 3 x MDL are
reported as ‘< MQL'
Reported values are blank
corrected
Target Compounds Conc. Conc. Conc.
ppbv ppbv ppbv
Propylene 785.38 807.99 713.21
Propane 42.35 45,75 72.05
Dichlorodifiuoromethane < ML (.30 0.29
Chioromethane 0.55 0.78 1.01
{sobutane 63.97 77.06 77.51
Dichiorotetrafiuoroethane < MOL < ML < MQL
Vinyl Chloride < MQOL < MQL < MQL
1-Buiene
1,3-Butadiens
Butane
trans-2-butene
Bromomethane
¢cis-2-butene
Chioroethane
Ethanol
Viny! Bromide
Acetonitrile
Acrolein

Can iD
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Location MA Tower MATower BMATower

Run Number Runil Run 2 Run 3
Date 4/26/2018 4/26/2018 4/26/2018
Target Compounds Conc. onc. Conc.

b b

Acetone

isg-Pentane 5.22 173.42 17%.83
Trichlorofluocromethane < MQL < MOL < MQOL
iIsopropyl Alcohol 101.44 110.01 117.79
1-Pentene 2.37 1.11 1.70
Acrylonitrile 3.03 7.73 7.23
n-Pentans < MQL 0.81 1.05
isoprene 3.61 3.81 3.35
{rans-2-pentene (.56 0.74 0.68
cis-2-pentene 0.40 0.41 0.39
Tert-Butanol 4,18 3.34 2.87
1,1-Bichloroethene < MQL < MQL < MQOL
Methylene Chioride < MQL < MQL < MQL
3-Chloro-1-Propene < MOQOL 0.68 0.55
1,1,2-Trichloro-1,2,2-triflucroethane < MQL < MOL < MOL
Carbon Disulfide < MQL < MQL < MQOL
2,2-Dimethyibutane < MQOL < MQOL < hMOL
trans-1,2-Dichloroethene < MQL < MQOL < MOL
Cyclopentane 7.37 4,06 1.87
2,3-Dimethylbutane 1.53 < MQL < MQOL
1,1-Dichlorosthane < MQL < MQL < MQOL
Methyl-t-Butyl-Ether < MQL < MQL < MQL
Vinyl Acetate 86,92 74.80 74.27
2-Methylpentane 1.51 < MQOL <MQL
2-Butanone 203.94 172.34 151.31
3-Methylpentane 1.71 1.66 (.88
2-Chloroprene < MQL 0.17 .09
1-Hexene 570 5.86 5.67
cis-1,2-Dichloroethene < MQL < MQL < MQL
Diisopropy! ether 0.57 0.29 0.45
Ethyl Acetate < MGL < MQL < MQGL
n-Hexane .97 0.87 0.43
Chioroform < MQL < MQL 011
Tetrahydrofuran 15.84 16.94 15.40
Ethyl Tert-Butyl Ether < MQL < MQL < ML
Methyleyclopentane < MGl < MQL < MQL
1,2-Dichloroethane < MQL < MOL < MQL
2.4-Dimsthyipentane 1.8% 2.61 2.65

CaniD 755 751 262
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Location MA Tower MATower MATower

Run Number Runl Run 2 Run 3
Date 4/26/2018 4/26/2018 4/26/2018
Target Compounds Conc. onc. Conc.
ppbv ppbv ppbv
1,1,1-Trichloroethane < MQL < MQL < ML
Benzene 11.52 11.08 9.88
Carbon Tetrachloride < MQL < MQL < ML
Cyclohexane < ML 1.55 1.28
2-Methylhexane 5.15 0.91 1.87
2,3-Dimethylpentane 0.84 < MAQL < MQOL
Tert Amyl Methyl Ether < MQL < MQL < pMOL
3-methylhexane 5.93 4.07 4.41
1,2-Dichioropropane < MQL < MQL < MQL
Bromodichloromethane < MQL < MQL < MQOL
1,4-Dioxane 18.91 21.63 17.61
Trichloroethene < MQL < MQOL < MQOL
isooctane < MQOL 0.57 < MOL
Methyl Methacrylate < MQL < MQL < MOL
Heptane 5.67 < MQL < MOL
cis-1,3-Dichloropropene < MQL < MQL < MQL
4-Methy-2-Pentanone
Methylcyclohexane 1.63 1.66 0.86
trans-1,3-Dichloropropene < MQOL < MQOL < MQL
1,1,2-Trichloroethane < MQL < MOL < MQL
2,3,4-Trimethylpentane < MQL (.99 .70
Toluene 57.88 73.57 14.32
2-Methylheptane 0.76 0.88 < MQL
Dibromochloromethane < MQL < MOL < MQaL
3-Methylheptane 1.54 < MQL 0.93
1,2-Dibromoethane < MQL < MQL < pMaL
(Octane 1.00 1.9 0.63
Tetrachloroethene < MQL < MQL < MQOL
1,1,1,2-Tetrachloroethane < MQL < MOL < MQL
Chlorohenzene < MGL < MOL < MQL
Ethylbenzene < MQL 0.45 < MQaL
m-Xylene 1.42 2.56 1.58
p-Xylene < MQL 1.00 < MQL
Bromoform < MQL < MQL < MOL
Styrene < MQOL < MQL < MQOL
1,1,2,2-Tetrachloroethane < MQL 0.75 < MQL
o-Xylene < MOL < ML < MOL
Nonane 3.77 5.58 5.01

Can iD 755 751 262
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Location MA Tower MA Tower MA Tower

Run Mumber Run 1 Run 2 Run3
Date 4/26/2018 4/26/2018 4/28/2018
Target Compounds Conc. Conc. Conc.
ppbv ppbv ppbv
Cumene < MQOL 0.24 0.24
n-Propylbenzene < MQOL 0.52 0.50
m-Ethyitoluens < MQL 0.67 0.56
1,3,5-Trimethylbenzene < MQOL 0.64 0.70
1,2,4-Trimethylbenzene < MOL < MQL < MQOL
Tert-Butyl Benzene < MQL < MGL < MQL
1-Ethyl-4-Methyl Benzene < MQL < MQOL < MQL
o-Ethyltoluene < MQL < MQL < MQOL
1,3-Dichicrobenzene < MQL < MQL < MOL
1,4-Dichlorobenzene < MOL < MQGL < pMQGL
n-Decane < MQL 0.58 0.39
Sec-Butyl Benzene < MOL < MQOL < MQOL
1,2,3-Trimethylbenzene < MQL < MGL < MOL
1,2-Dichiorobenzene < MGL < MOL < MQL
o-Cymene < MOL < MQOL < MQOL
1,3-Diethylbenzene < MGL 0.51 0.41
1,2-Disthylbenzene < MOL 0.92 (.68
n-Butyl Benzene < MQL < MQL < MOL
Undecane 1.60 2.47 1.86
1,2,4-Trichlorobenzene < ML < pMQL < MQOL
Haphthalens (.88 (.86 0.60
Dodecane 33.32
Hexachlorobutadiene < MOL < MAL < MOL
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Table 6. Measured concentrations of TO-15 (plus PAMS) compounds in QX tower Inlet and Outlet SUMMA
canisters.

OX Tower Inlet OX Tower Outlet
CaniD 721 176 a378 321 2045 7483
Location OX Infet OX Inlet OX Inlet OX Cutlet QX Qutlet QX Qutlet
Run Number Runl Run2 Run 3 Runi Run 2 Run 3

Date 4/30/2018 5/1/2018 5/1/2018 4/30/2018  5/1/2018  5/1/2018

Data Descriptors

¢ Contamination present.
Quantitation suspect,

s Compound coelution problem,
Quantitation not relizble.

¢ Compounds below 3 x MDL are
reporied as ‘< MQOL
e Reported values are blank

corrected
Target Compounds Conc. Conc. Conc. Conc. Cone. Cone.
ppbv ppbv ppbv ppbv ppbv ppbv
Propylene 83.76 82.14 25.62 72.09 76.45 20.43
Propane 51.55 55.36 33.08 45.4% 50.09 25.20
Dichlorodifiucromethane 0.28 0.31 0.38 0.28 0.32 0.30
Chloromethane 2.74 2.41 .51 2.74 3.83 0.43
isobutane 84.75 91,61 12.21 108.26 44.87 13.30
Dichlorotetrafluoroethane < MQL < MQL < MOQOL < MQL < MOL < MOL
Vinyl Chioride < MQL < MQL < MQL < MQGL < MGL < MOL
1-Butene 56.85 53.77 21.66 50.36 62.84 20.08
1,3-Butadiene 3.01 4.41 < MQOL 2.83 4,27 < MQL
Butane 1.57 2.54 2.74 1.54 2.23 1.57
{rans-2-butene 6.86 6.33 < MQL 5.94 6.64 < MQOL
Bromomethane < MQL < MQL < MQL < ML < MQL < MQOL
cis-2-butene 3.54 2.73 < MQL 2.55 2.82 < MQOL
Chloroethane < MQL < MGL < MQL < MQL < MQL < MOL
Ethanol 106.39 66.12 18.04 75.57 58.78 16.64
Vinyl Bromide < MQL < MOL < MQL < MQL < MQOL < MQL
Acetonitrile 1.64 2.26 < MQL 2.34 7.85 < MQL
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Can iD 721 176 a378 321 2045 793
Location  OXInlet X Infet  QXinlet OX Qutlet QX Outlet  OX Outlet
Run Number Run 1 Run 2 Run3 Run il Run2 Run3
Bate 4/30/2018 5/1/2018 5/1/2018 4/30/2018 5/1/2018  5/1/2018
Targe: Compounds Cone. Cone. Cone. Lonc. Conc. Cong.
ppby ppby ppbv pphv ppbyv ppbv
Acrolein 169.37 149.40 22.33 143.40 161.90 25.00
Acetone 101.48 - 8310
iso-Pentane . 6.72 1.7%
Trichloroflucromethane < MQL < MQOL < MOL
isopropyl Alcohol 64.49 52.81 31.16 3541 40.06 19.38
1-Pentene 1.08 161 0.96 1.97 1.44 < MQL
Acrylonitrile 5.96 < MOL 0.72 5.14 < MOL < MQL
n-Pentane 0.26 0.72 1.32 0.35 0.31 < MQL
Isoprene 2.03 1.89 0.66 2.04 2.29 < MQL
trans-2-pentene 1.58 1.52 0.69 1.25 1.43 < MQGL
cis-Z-pentene 2.05 1.78 0.66 1.40 1.26 < MQGL
Tert-Butanol 23.59 20.72 1.00 12.03 13.35 0.61
1,1-Dichioroethene < MQL < MQL < MGL < MOL < MOL < MQL
Methylene Chioride < MQL < MQL < MQL < MOL < MQL < MQL
3-Chloro-1-Propene < MQL < MQL < MQL < MQL < MQOL < MOL
1,1,2-Trichloro-1,2,2-trifluoroethanse < MQL < MQL < MQOL < MQOL < MQOL < MQOL
Carbon Disulfide < MQOL < MQL < MQOL 0.53 0.84 < MQOL
2,2-Dimethylbutane < MQOL < MOL 0.70 < MaL < MQL < MOL
trans-1,2-Dichloroethene < MQOL <MQL < MQOL < MQL < MOL < MQL
Cyclopentane < MQL < MQL 0,77 1.68 30.29 < MQL
2,3-Dimethylbutane < MOL < MQL 0.57 < MQL < MOL < MOL
1,1-Dichioroethane < MGL < MQOL < pMOL < MQL < MOL < MQL
Methyl-t-Butyl-Ether < MQGL < MOL < MQL < MQOL < MGL < MQL
Vinyl Acetate 43.93 41.08 313 48.62 39.36 3.24
2-Methylpentane < MQOL < MQL 1.10 < MQL < MQL < MQL
2-Butanone 140.46 138.84 11.78 121.79 157.59 8.05
3-Methylpentane 16.02 16.07 1.57 12.65 14.44 0.35
2-Chioroprene < MQL 0.71 0.16 < MQL < MGL < MQL
1-Hexene 4.30 3.93 0.89 3.92 4,52 < MQL
¢cis-1,2-Dichloroethene < MQL < MQL < MQL < MQGL < MQL <MQL
Diisopropy! ether 0.27 < MOL <MGL 0.28 < MQL < MQGL
Ethyl Acetate < MQL < MOL < MQL < MQOL <MQL < MQL
n-Hexane < ML 0.52 0.85 0.32 0.39 < MQL
Chioroform < MQL < MQL < MQL < MQL < MQL < MQL
Tetrahydrofuran 1.09 1.73 2.82 < MOL < MQL 1.93
Ethyi Tert-Butyi Ether < MQL < MQOL < MQL < MQL < MGL < MQL
Methyicyclopentane < MQL 0.33 0.30 0.40 0.28 < MQL
1,2-Dichloroethane <MQL < MQL < MQL < MOQL < ML < MQL
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Can iD 721 176 al378 321 2045 793
Location  OXlinlet GX Inlet QX inlet QX Qutlet  OX Outlet (X Qutlet
Run Number Runl Run 2 Run3 Runi Run 2 Run 3
Date 4/30/2018 5/1/2018 5/1/2018 4/30/2018 5/1/2018&  5/1/2018
Target Compounds Cong. Cong. Conc. Cong, Conc. Cong.
ppbv ppbv ppbv ppbv ppbv ppby
2,4-Dimethyipentane 0.53 (.68 1.71 (.45 0.49 0.65
1,1,1-Trichloroethane < MOL < MQOL < MOL < MQL < MIQL < MQL
Benzene 0.98 1.06 1.05 219 2.20 < MQOL
Carbon Tetrachloride < MQL < MQL < MQL < ML < ML < MQL
Cyclohexane 2.15 .38 1.29 1.67 .93 0.41
2-Methythexane 0.77 2.40 1.23 2.03 0.38 < MQL
2.3-Dimethylpentane < MQL < MQL 0.64 < MOL < MQOL < MQL
Tert Amyl Methyl Ether <MQL < MQL < MOL < MQL < MOL < MQL
3-methylhexane 0.94 1.34 0.92 <MOL <MQOL 0.50
1,2-Dichloropropane < MQL < MQL < MOL < MOL < MOL < MOL
Bromodichloromathane < MQL < ML < MOL < MQL < MQL < MQL
1,4-Dioxane 51.40 41.04 19.07 37.80 35.69 17.12
Trichloroethene < MOL < MQL < MQL < MQL < MQL < MGL
isooctane 2.72 2.55 1.06 2.40 2.51 0.34
Methyl Methacrylate < MQGL < MQL < MQL <MQL < MOL < MQL
Heptane 3.93 4.16 112 3.48 4.04 < MQL
cis-1,3-Dichloropropene < MQL < MQL < MQL < MQOL < MOL < MQL
4-Methy-2-Pentanone 38.54 34.44 45.11 42.78 44.52 36.41
Methylcyclohexane 0.61 0.65 1.10 0.65 0.62 0.64
trans-1,3-Dichloropropene < MGL < MQL < MQGL < MQL < MQL < MQL
1,1,2-Trichlorosthane < MQL < MQOL < MQOL < MQL < MQL < MQL
2,3,4-Trimethylpeniane < MQL < MQL < MQL < MQL < MQL < MOL
Toluene 9.431 10.11 5.77 8.31 9.57 4.63
2-Methylheptane 18.88 18.26 1.01 14.02 14.73 < MOl
Dibromochloromethane < MQGL < MQOL < MQOL < MQL < MOL < MQOL
3-Methylheptane < MQL 6.36 < MQOL 1.88 2.48 < MQL
1,2-Dibromosthane < MOL < MQL < MQOL < MQL < MQGL < MQL
Octane < MQL 0.85 0.81 < MQL < MQL < MQL
Tetrachloroethene < MGQGL < MOL < MQL < MGL < MQOL < MGL
1,1,1,2-Tetrachloroethane < ML < MQL <MQGL < MQL < MQOL < MQL
Chiorobenzene < MQL < ML < MQOL < MQOL <MOL < MQOL
Ethylbenzene < MQOL < MQL 0.65 <MQL <MQOL < MQL
m-Xylene < MQL < MGL < MOL < MQL < MQOL < ML
p-Xyleng < MQGL < MQL < ML < MQL < MQOL < MQL
Bromoform < MQL < MQL 0.18 < MQL < MQL < MOL
Styrene < MQGL < MGL <MQOL <MQL < MQOL < MQGL
1,1,2,2-Tetrachloroethane < MQGL < MOL < MQOL < MQL < MQOL < MOL
g-Kylene < MQL < MQGL < MQL < MQL < MQL < MQOL
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Can iD 721 176 a378 321 2045 793
Location  (OXlinlet OXinlet  QXinlet OX Qutlet QX Qutlet QX Outlet
Run Number Run 1 Run 2 Run3 Runi Run 2 Run3
Date 4/30/2018 5/1/2018 5/1/2018 4/30/2018  5/1/2018 5/1/2018

Target Compounds Conc. Long. Conc. Conc. Conc. LConc.
ppbv ppbv ppbv ppbv ppbv ppbv

Nonane 0.87 0.98 0.82 0.82 0.89 < MGl
Cumene <MQL 0.20 0.70 .20 0.22 < MQL
n-Propylbenzene < MQGL 0.47 0.63 .38 (.38 < MQOL
m-Ethyltoluene < MQL 0.51 0.47 0.48 0.54 < ML
1,3,5-Trimethylbenzene < MQL < MOL (.55 < MQL < MQL < MQOL
1,2,4-Trimethylbenzene < MQL < MQL < MQOL < MQL < MOL < MQL
Tert-Butyl Benzene < MQL < MQL < MOL < MQL < MOL < MQOL
1-Ethyl-4-Methyl Benzene < MQL < MQL < MQL < MOL < MGL < MQL
o-Ethyltoluene < MOL < MQOL < MQL < MQL < ML < MQOL
1,3-Dichiorobenzene < MQL < MQL < MQOL < MQL <MQOL < MQL
1,4-Dichlorobenzene <MQGL < MQL < MQOL < MQL <MQL < MQL
n-Decane <MQL < MQL 0.50 0.50 < MQGL < MQL
Sec-Butyl Benzene < MQOL < MQL < MQL < MQL < MQGL < MOL
1,2,3-Trimethylbenzene < MOL 041 (.45 .35 < MOL < MQL
1,2-Dichlorobenzene < MQL < MQL < MQL < MQL < MQL < MQL
o-Cymene < MGL <MQOL < MQL < MQOL < MQOL < MOL
1,3-Diethyibenzene < MQOL 0.40 0.57 0.38 0.38 < MQL
1,2-Diethylbenzene < MQGL .40 0.61 0.51 0.46 < MOQL
n-Buty! Benzene < ML < MOL < MGL < MGL < MGL < MQL
Undecane 1.73 2.68 1.47 2.47 2.27 < MQL
1,2,4-Trichlorobenzene < MQL < MOL 0.60 < MQL 0.73 < MQL
Naphthalene < MGL < MQL < MQL (.58 .90 < MQL
Dodecane 2.62 34.92 1.55 8.73 42.10 38,70
Hexachlorobutadiene < MQL < MOL < MQL < MQOL < MQOL < MQL
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Table 7. Measured concentrations of TO-15 (plus PAMS) compounds in ambient samples and a single field
blank.

Ambient Field Blank
Canib 005 794 rk9 708
Sample Type Ambient Ambient Ambient Field Blank
Location {lowerroofl  (upperroofl (inside fac.)
Date 5/1/2018 4/27/2018 5/1/2018 4/30/2018

Data Descriptors
s« Contamination present.
Quantitation suspect.
s  Compound coelution problem.
Quantitation not reliable.

«  Compounds below 3 x MDL are
reported as < MQL
¢ Reported values are blank

correcied
Target Compounds Conc. Conc. Conc. Conc.
ppbv ppbv ppbv ppbv
Propylene 0.46 < MQL 2.30 0.14
Propane 1.48 2.40 10.04 0.30
Dichlorodifluoromethane 0.34 0.31 0.32 < MQL
Chioromethane 0.53 < MQGL 0.55 < ML
{scbhutane 0.88 < MQGL 1.48 < MOL
Dichlorotetraflucroethane < MQOL < MQL < MOL < MOL
Vinyl Chloride < MOL < MOL < MQL < MOL
1-Butene < MQGL < MQL < MOL < MQL
1,3-Butadiene < MOL < MQL < MOL < MQOL
Butane 0.60 <MQOL 0.60 < MQL
trans-2-butene < MQL < MOL <MOQL < MQGL
Bromomethane < MQOL < MQL < MQL < MQL
cis-2-hutene < MGL < MQL < MQL < MQL
Chloroethane < MQGL < MOL < MQL < MOL
Fthanol 2.70 5.43 14.92 < MQL
Vinyl Bromide < MQL < MQL < MQL < MQL
Acetonitrile < MQOL < MQL (.48 < MQL
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Can D 005 784 k9 708
Sample Type Ambient Ambient Ambient Field Blank
Location {lowerroof} (upperroof) (inside fac.)
Date 5/1/2018 472772018 5/1/2018 4/30/2018

Target Compounds Conc. Cone. Cong. Cone.

ppby ppbv ppby pphbv
Acrolein 0.77 < MQL 1.74 0.12
Acetone 5.83 < MQL 6.50 < MQL
iso-Pentane (.82 < MQOL 0.66 < MQL
Trichlorofluoromethane < MQL < MQOL 0.21 < MQOL
Isopropy! Alcohol 557 3.10 9.80 < MOL
1-Pentense < MQOL < ML < MOL < MQOL
Acrylonitrile 118 < MQL < ML < MQL
n-Pentane 15.14 < MQOL .13 <MQL
isoprene < MQL < ML 0.57 < MQGL
trans-2-pentene < MQL <MQOL < MOL < MQOL
cis-2-pentene < MGL < MOL < MQL < MQL
Tert-Butanol < ML < MQL .15 < MQOL
1,1-Dichloroethene < MOL < MQGL < MOL < MQL
Methylene Chloride < MQL < MQL < ML < MOL
3-Chloro-1-Propene < MQL < MQL < MOL < MQL
1,1,2-Trichloro-1,2,2-trifluoroethane < MQL < MQOL < MQOL < MQL
Carbon Disulfide < MQL < MQL < MQOL < MQOL
2,2-Dimethylbutane < MQOL < MQOL < ML < MGL
trans-1,2-Dichloroethene < MQOL < MQL < MQL <MQOL
Cyclopentane <MQL < MQOL < MG < MQOL
2,3-Dimethylbutane < MQL < MQL < MQL < MOL
1,1-Dichlorcethane < MQL < MOL < MQL < ML
Methyi-t-Butyl-Ether < MQL < MQL < MQL < MQL
Vinyl Acetate < ML < MOL 0.73 < MOL
2-Methylpentane < MQL < MQGL < MOL < MQL
2-Butanone < MQL < MQL 18.27 < MGL
3-Methyipentane < MQOL < ML 0.38 < MQOL
2-Chioroprene < MQL < MQOL < MQL < MOL
1-Hexene < MQGL < MOL < MQOL < MOL
cis-1,2-Dichioroethene < MQL < MQOL < MQOL < MQOL
Diisopropyl ether < MQL < ML < MQL < MGL
Ethyl Acetate < MQL < MQL < MQGL <MQL
n-Hexane < MQL < MGL 0.36 < MQL
Chloroform < MQL < MQL < MGL < MQGL
Tetrahydrofuran < MQL < MGL < MOL < MGL
Ethyl Tert-Butyl Ether < MQL < MOL < MQL < MQL
Methylcyclopentane < MQL < MQL 0.15 <MQOL
1,2-Dichloroethane < MQL < MQL < MQOL < MQOL
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CaniD 005 794 rk9 705
Sample Type Ambient Ambient Ambient Field Blank
Location {lower roof)  {upperroofl (inside fac)
Date 5/1/2018 A4/27/2018 5/1/2018 4/30/2018

Target Compounds fonc. Lont. Conc. Conc.
ppbv ppbv ppbv ppbv

2,4-Dimethyipentane < MQL < MQGL 0.09 < MQGL

1,1,1-Trichloroethane < MQL < ML < MOL < ML

Benzene < MQL < MQOL < MGOL < MGL

Carbon Tetrachloride < MQL < MGL < MQOL < MGL
Cyclohexane 0.25 < MOL 0.26 < MQOL

2-Methylhexane < MQL < MQL 0.52 < MQL
2,3-Dimethylpentane < MQL < MOL < MQOL < MOL

Tert Amyl Methyl Ether < MQL < MQOL < MQL < MQL
3-methylhexane < MQL < ML (.63 < MQGL
1,2-Dichloropropane < MOL < MQL <MGL < MGQL

Bromaodichloromethane < MQL < MQL < MQL <MOL

1,4-Dioxane < MQL < pQL < MQOL < MOL

Trichlorpethens < MQGL < MQL < MOL < MOL
Isooctane < MQOL < MQOL < ML < MQL

Methyl Methacrylate < MQL < MQL < MOL < MQL

Heptane < MOL < MOL 0.84 < MGL

cis-1,3-Dichloropropene < MQL < MQL < MQL < MQOL
4-Methy-2-Pentanone <MOL < MOL < MGL < MGL
Methylcyclohexane < MQL < MQL (.95 < MQOL

trans-1,3-Dichloropropene < MQOL < MOL < MQOL < MQOL
1,1,2-Trichioroethane < MQGL < MQOL < MQL < MQOL

2,3,4-Trimethylpentane < MGL < MQL < MOL < MOL
Toluene 1.22 < MGL 33.75 < MGL
2-Methylheptane < ML < MOL 0.25 < MQL

Dibromochloromethane < MQL < MQL < MQL < MQL

3-Methylheptane < MQOL < MQOL < MQL < MOL
1,2-Dibromosthane < MQOL < MGL < MQL < MQL

Octane < MQOL < MOL < MQL < MQOL
Tetrachiorosthene < MOL < MQOL < MQOL < MQL
1,1,1,2-Tetrachloroethane < MQL < MOL < MQL < MOL

Chlorobenzens < MQL < MOL < MQL < MOL

Ethylbenzene < MQL < MQL < MQL < MOL

m-Xylene < MQL <MQL <MQL < MQL

p-Kylens < MQOL < MGL < MOL < MQOL

Bromoform < MQL < MQL < ML < MQL

Styrene < MQL < MQGL < MQL < MGL
1,1,2.2-Tetrachioroethane < MOL < MQL < MQL < MOL

o-Xylene < MQL < MQL < MQGL < MQOL
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Can D 005 794 k9 709
Sample Type Ambient Ambient Ambient Field Blank
Location [lowerroof}  {upperroof] {inside fac.)
Date 5/1/2018 4/27/2018 5/1/2018 4/30/2018

Target Compounds Cong. Conc. Cone, Cone,

ppbv ppbv ppbv ppbv
Monane < MQL < MQOL < MOL < MQL
Cumene < MQL < MOL 0.08 < MQOL
n-Propylbenzene < MQL < MOL < MQL < MQL
m-Ethyltoluene < MQL < MOL < MQL < pMQOL
1,3,5-Trimethylbenzene < MQL < MQL < MQL < MQL
1,2,4-Trimethylbenzene <MQL < MQL < MQL < pMGL
Tert-Butyl Benzene < MQL < MQL < MOL < MGL
1-Ethyl-4-Methyl Benzene < MGL < MQL < MQL < pGL
o-Ethyltoluene < MGl < MQL <MQOL < MQL
1,3-Dichlorobenzene < MQL < MOL < MQOL < MQL
1,4-Dichlorobenzene < MOL < MQOL < MOL < MQOL
n-Decane < MGL < MOL < MOL < ML
Sec-Butyl Benzene < MQOL < MQOL < MQaL < MOL
1,2,3-Trimethylbenzene < MQL < MQOL < MOL < MQOL
1,2-Dichlorobenzene < MQL < MQOL < MQGL < MOL
o-Cymene < MQGL {1.54 < MQL < MQL
1,3-Diethylbenzene < MQOL < MQOL < MOL < MQOL
1,2-Diethylbenzene < MQL < MQOL < MQL < MQOL
n-Butyl Benzene < MQL < MQL < MQL < MQL
Undecane 0.63 < MQL .73 < MQOL
1,2,4-Trichiorcbenzene < MQL < MQOL < MOL < MQL
Maphthalene < MOL < MQaL .35 < MQOL
Dodecane 5.48 1.3% 2.87 0.17
Hexachlorobutadiene < MQL < MQL < MOL < MQL
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